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SECTION 1

INTRODUCTION

1.1 BACKGROUND

Work under two concurrent NASA contracts (NAS8-21453 and NAS8-30503)
resulted in publication of the NASA Handbook for Estimating Toxic Fuel Hazards
(Dumbauld, Bjorklund, Cramer and Record, 1970). The handbook was accompanied
by a computer program (NASA/MSFC Multilayer Diffusion Models Program) specifi-
cally designed for research-planning estimates of downwind dispersions from normal
and abnormal launches of rocket vehicles as well as from accidental cold spills and
leaks of toxic fuels. The transport and diffusion models that formed the basis of
the program were extensions of the generalized concentration, dosage and deposition
model concept originally developed for the U. S. Army (Cramer, et al., 1964; 1967)
to include a multilayer troposﬁheric construct with provision for changes in atmospheric
structure along the cloud trajectory downwind from the launch site. As experience
was gained in the application of the NASA/MSFC Multilayer Diffusion Models Program,
revisions were made to simplify its use and fo incorporate the latest available
advances in diffusion technology. Version 2 of the Program, designed for use in
operational support of vehicle launches, was completed in 1973. A technical report
by Dumbauld, Bjorklund and Bowers (1973) describes the updated transport, diffusion

and cloud rise models and the operation of the computer program.

Since 1973, work has continued on the development and refinement of the

models and the computer program.

1.2 PURPOSE
The purpose of this report is to document:

° The latest refinements and developments in the transport and

diffusion models




. Version 5 of the NASA/MSFC Multilayer Diffusion Models Program
° The Preprocessor Program used in conjunction with Version 5 of the

Multilayer Program

The majority of the changes in the NASA/MSFC Multilayer Diffusion Models Program
have been made to further simplify the use of the models and computer program so
that users can apply the techniques for hazard estimation with only a2 minimum
knowledge of the technical aspects of diffusion meteorology and associated disciplines.
The simplification of program use was accomplished in two ways. First, a Prepro-

cessor Program was designed to automate the calculation of the:

] Effective height of the stabilized exhaust cloud
] Distribution of exhaust products in the meteorological layers
confaining the cloud

o Meteorological inputs to the transport and diffusion models

Use of the Preprocessor Program essentially requires only surface meteorological
and radiosonde data be available for input. Second, the NASA/MSFC Multilayer
Diffusion Models Program was redesigned for more efficient operation and an
extensive capability for automated plotting of isopleths and centerline profiles of
concentration, dosage and deposition due to gravitational settling and precipitation

scavenging is now provided to assist users in interpretation of computational results,

In addition to simplifications in the use of computer programs, technical
features of the transport and diffusion models have been altered to more accurately
reflect observations of cloud rise during actual launches of solid-fueled vehicles
and the physical aspects of the transport and diffusion process. For example, altera-
tions have been made in assumptions regarding the physical shape of the ground
cloud at time of cloud stabilization and in the diffusion models to account for partial

reflection (or partial absorption) of material at air-surface interfaces.



1.3 ORGANIZATION OF THE REPORT

The main body of the report contains five sections. Section 2 contains a
description of the models and algorithms contained in the Preprocessor Program.
The generalized transport and diffusion models for calculating concentration,
dosage and deposition contained in the NASA/MSFC Multilayer Diffusion Models
Program are described in Section 3, A brief description of the Preprocessor and
Diffusion Models Programs is given in Section 4 and Section 5 contains some

sample problems and their solutions obtained using the Programs.

There are five appendices to the report. Appendix A contains user instruc-
tions for implementing the Preprocessor Program and Appendix B contains user
instructions for implementing the NASA/MSFC Multilayer Diffusion Models Program,
Computer program listings for both the programs are given in Appendix C. Appendix
D contains example computer output listings for the sample problems described in
Section 5 of the main text. Finally, a derivation of the vertical term for Model 4
of the NASA/MSFC Multilayer Diffusion Models Program is presented in Appendix
E.



SECTION 2

PREPROCESSOR MODELS AND ALGORITHMS

A Preprocessor Program has been developed to simplify the calculation of
source and meteorological inputs required by the NASA/MSFC Multilayer Diffusion
Models Program. The models and algorithms incorporated in the Preprocessor
Program for calculating the requisite model inputs are described in this section of
the report. In its present form, the Preprocessor Program has the capability of
processing data for the Space Shuttle, Titan III, Delta-Thor and Minuteman II

vehicles.

2.1 FUEL PROPERTIES AND VEHICLE RISE DATA

Properties of the vehicle fuel and rise data are required to calculate cloud
rise and the source strength distribution of atmospheric pollutants in the troposphere
resulting from normal and abnormal launches. Two types of abnormal launches
have been hypothesized for the Space Shuttle and Titan III vehicles. In one situation,
it is assumed that a single solid engine of the Titan or Space Shuttle zero stage
ignites and burns over the normal engine firing period while the vehicle remains in
a hold-down configuration on the pad (single-engine burn). ‘In the second pad-abort
situation, it is assumed that an on-pad explosion ruptures the casings of the two
sofid engines and that all the solid propellant then falls to the ground in the vicinity
of the pad and burns at a constant rate over a 5-minute period (slow burn). I both
pad-abort situations, it is further assumed that the other vchicle stages are unaffected
by the burning of the zero-stage solid propellant and do not therefore contribute in
any way to the combustion products or heat released.duxing.the on-pad. abarts.. The
net affects of this latter assumption is to minimize the cloud rise and maximize the
concentration of the pollutants- produced by the burning of the solid propellant. Slow-
burn incidents in which fuel burns over a 5-minute period are also hypothesized for

the Delta-Thor and Minuteman II vehicles. In the case of the Delta-Thor, both the



solid propellant from the six castor engines and liquid fuel from the zero-stage

engine are assumed to contribute to the heat available for cloud rise and to pollutant
concentrations. The solid propellant from all three stages of the Minuteman 1I is
assumed to fall to the ground near the launch site as the vehicle is destroyed just after

clearing the launch silo.

Fuel expenditure and heat content data incorporated in the Preprocessor
Program for normal and abnormal launches of the four types of vehicles are given
in Table 2-1. Fuel expendifure rates for normal launches were 6btained by averaging
fuel consumption over the approximate period from lift-off until the vehicle is about
3 kilometers above the surface. For single-engine burns, the fuel expenditure rate
was calculated by dividing the fotal propellant weight in a single engine by the normal
firing period shown in the table. Similarly for slow burns in the vicinity of the
launch area, the fuel expenditure rate was obtained by dividing the total weight of
all solid engines, and the zero stage liquid engine in case of the Delta-Thor, by the

total assumed burn time of 300 seconds.

The fuel heat contents used in calculating cloud rise are estimates based
on the best available information and are subject to change as additional information
becomes available. In case of the Tital III vehicle, the fuel heat content is based
on estimates from two-phase (gas and solid) flow accounting approximately for heat
gains from afterburning and heat losses due to radiation, and on the experience to
date in predicting cloud rise for a number of actual launches using the instantaneous
cloud rise model described in Section 2.2 below. Lacking better information, the
same heat content has also been used for the solid engines of the Space Shuttle vehicle,
A heat content value of 500 calories per gram was used for the liquid fuel in the zero
stage engines of the Space Shuttle and Delta-Thor vehicles hecause previous experience
in predicting cloud rise from Saturn launches indicates this value may be appropriate.
The heat contents of the solid fuel for the Delta-Thor and Minuteman II are based on
early estimates of the heat content for solid fueled engines and are probably low.

However, experience in predicting cloud rise from a limited number of Delta-Thor




TABLE 2-1

FUEL EXPENDITURE AND HEAT CONTENT DATA

Vehicle Type

Property

Space Shuttle

Titan I

Delta-Thor

Minuteman Ii

(a) Normal Launch

Fuel Expenditure

Rate (g sec™)
Solid Engine 9.3385 x 106 [4.1724 x 10% | 6.05 x 105 3.771 x 109
Liquid Engine 1.531 x 109 3.13 x 10°

Effective Fuel {Ieat

Content (cal g )
Solid Fuel 2500 2500 691 691
Liquid Fuel 500 500

(b) Single Engine Burn

Fuel Expenditure 6
Rate (g sec™) 3.753x 106 1,742 x 10
Normal Firing

Period (sec) 122 122
Effective Fuel Heat , ,
Content (cal g™} 1274 1036




FUEL EXPENDITURE AND HEAT CONTENT DATA

TABLE 2-1

(CONTINUED)

Property

Vehicle Type

Space Shuttle

Titan IiI

Delta-Thor

Minuteman II

(c) Slow Burn

Fuel Expenditure
Rate (g sec‘l)

Solid Engine
Liquid Engine

Total Burn Time
(sec)

Effective Fuel Heat
Content (cal g~1)

3.052 x 10°

300

1000

1.301 x 108 | 7.462 x 104
2,212 x 10°
300 300
1000 1000

2.87x10°

300

1000




launches using the heat contents in Table 2-1 and a combination of the instantaneous

and continuous cloud rise models indicate serious errors are not being made in the
rise prediction. In any case, the conservative low estimates of heat available {ov cloud
rise for the Delta-Thor and Minuteman II vehicles have the effect of minimizing
cloud rise and maximizing ground-level concentratior;s. There is no experience in
predicting cloud rise from launch aborts of any of the four vehicle types. The heat
contents shown in Table 2-1 for single-engine burns of the Space Shuttle and Titan
vehicles are based on the estimate that about 1500 calories per gram are available
from the fuel burn from a single engine, but that some of the available heat is dissi-
pated in heating and vaporizing 1.26 x 103 kilograms per second of water used to
spray the launch pad during the burn. The heat content of 1000 calories per gram
hypothesized for slow burns of fuel from the zero-stages of the vehicle is thought to

be a realistic estimate of the heat available for cloud rise from the burning of uncon-

fined fuel.

The fraction by weight of pollutants comprising the rocket exhaust products of
the four types of vehicles used in 'the calculation of the vertical distribution of pollu-
tants in the lower troposphere are shown in Table 2-2. Two sefs of fractions are
given for the Minuteman II because in an abnormal launch all three stages are hypoth-
ésized as being destroyed and in normal launches only the first stage contributes to
the pollutant distribution in the lower troposphere. Recent indications (Cicerone,
Stedman and Stolarski, 1973) are that CO in the exhaust plume may quickly oxidize
to COg, in which case no toxic CO problem exists. However, because the oxidation
of CO to COy has not been verified by direct measurements, the distribution of CO

in the lower troposphere is calculated in the Preprocessor Program.

It should be noted that the values of heat content and fuel expenditure rates in
Tabel 2-1 and the fraction of pollutants by weight in Table 2-2 may differ from the
values assigned as constants in the Preprocessor Program described in Appendix A.
This occurs because, in the Program, the constants are manipulated in different ways

to calculate cloud rise and the vertical distribution of pollutants. Thus, after the



TABLE 2-2

POLLUTANT COMPOSITION OF FUEL (Fraction by Weight)

Vehicle Type

Pollutant Space Shuttle Titan 111 Delta-Thor Minuteman I
Normal | Abnormal

HC1 0.207 0.210 0.208 0.197 0.204
co®

Solid Engine 0.280 0.279 0,223 0. 220 0.219

Liquid Engine 0.473
002 0.029
AlsO3 0. 304 0.304 0.378 0.277 0.280
="May be oxidized to COy

TABLE 2-3

VEHICLE RISE DATA

Power-Law Vehicle Type

Coefficients Space Shuttle Titan III Delta-Thor Minuteman IT
a 0.664 0.635 1.321 0.440
b 0.485 0.484 0.395 0.479




calculations are completed by the Preprocessor Program, the values shown in Tables

2-1 and 2-2 have been, in effect, used in the calculations.

The altitude-time curves of the various vehicles are also required to calculate
the buoyant rise of the ground cloud of exhaust products. A simple power-law rela-~
tionship is sufficiently accurate to describe the altitude-time curve in the first several
thousand meters near the surface. A logarithmic least-squares regression curve of

the form

Time = a (Altitude)® (2-1)

where time is in seconds and altitude in meters was fitted to the altitude~time infor-
mation for all vehicles. The resulting values of the coefficients a and b obfained from

the fitting procedure are given in Table 2-3.

2.2 CLOUD RISE FORMULAS

The burning of rocket engines during launches and on-pad aborts results in
the formation of a cloud of hot exhaust products which subsequently rises and entrains
ambient air until an equilibrium with ambient conditions is reached. TFor normal
launches, the cloud is formed principally by the forced ascent of hot, furbulent
exhaust products that have been deflected laterally and vertically by the launch pad
hardware and the ground surface. In the case of normal launches of solid-fueled
vehicles or vehicles with a number of solid boosters, vehicle hold-down times are
minimal and vehicle residence times in the lowest kilometer of the atmosphere are
relatively short. The exhaust products contained in the stabilized ground cloud are
therefore emitted overa time period of from about 10 to 30 seconds, Experience to
date shows that the buoyant rise from vehicles with solid-fueled first stages is best
predicted by using a cloud-rise model for instantaneous sources and rise from
vehicles having liquid-fueled first stages is best predicted using a cloud-rise model
for continuous sources. Thus, an instantaneous source cloud-rise model is used

in the Preprocessor Program to predict buoyant rise of the ground cloud for normal

10



launches of the Space Shuttle, Titan III and Minuteman Il vehicles. Limited experi-
ence in predicting the buoyant rise of the ground cloud generated by normal launches
of the Delta-Thor vehicle with its large liquid-fueled first stage and six solid-lueled
boosters indicates that an average of the rise predicted using the instantaneous and
continuous source cloud rise models is appropriate, While no cloud rise data are
available for on-pad aborts of any of the four vehicle types, cloud rise data from
static-tests of liquid fueled rocket engines indicate that the use of a cloud rise model

for continuocus sources is appropriate in these cases.

The instantaneous and continuous cloud-rise models used in the Preprocessor
Program are based on work by Briggs (1969, 1970). Derivations of these models
also appear in the report by Dumbauld, et al. (1973), Only the simplified forms of

the models used in the Preprocessor Program are given below.
2.2.1 Instantaneous Source Cloud-Rise Model

The maximum cloud rise z ,,; from an instantaneous source in a thermally

stable atmosphere is given by the expression

8 F 1/4
mr T ""_31——"' (2-2)
'YI 5
where
Fr = initial buoyancy term
- 3gQy
4 Cp Trwp
g = gravitational acceleration (9.8 m sec“z)
QI = effective heat released (cal)
Cp = specific heat of air at constant pressure
(cal g™t OK)
T = ambient air temperature (°K) at the surface

reference height Zn

11



density of ambient air (g m ™) at ZR

p =
s = & 22 . g A¢
T 09z T Az
A® = vertical gradient of ambient virtual potential
Az temperature
N =  entrainment constant = 0, 64
The time tIk required for the center of the ground cloud to reach an altitude zk is
given by the expression .
4
. Z 1.
tIk = s'1/2 arccos |1 - ( 1“) ; (Z k ) > 2 {2-3)
K K
where
3
K = !

pcn'-y3 A S
p I A,

*
The time t required for the cloud to reach the stabilization height z,,; is thus

given by the expression

" = rsl/2 @-4)

In calculating z ;1 from Equation (2-2) the effective heat released for

cloud rise Q; is calculated from the relationship

where
Qp = rate of neat released by the burning fuel
= H*W
H = f{uel heat content

12




w = fuel expenditure rate

tR ;Z mI% = time in seconds for the vehicle to
reach the height of the centroid of the
stabilized ground cloud z;

= a(zy)P® (2-6)
where a and b are the power-law coefficients from Table 2-3.

According to the above formulas, the following quantities are interrelated:
the calculated maximum cloud rise z,,j, the height over which the virtual potential
temperature gradient A¢ / Az is measured, ‘and the value of tR;ZmIg used in ob-
taining QI' The final value of maximum cloud rise must therefore be found through
iteration of Equation (2-1). The Preprocessor Program accepts radiosonde data
which provides the temperature, pressure and relative humidity profiles as functions
of height in the troposphere and the surface density p for use in the cloud rise
calculation. The virtual potential temperature «Lk at each radiosonde measurement

height z, is obtained from the expression (Tabata, 1973)

1 +1.61 w 1000 0.288
¢ =T
k k 1 D
where W k
Tk = Air temperature at z k in degrees absolute
P = barometric pressure at z | (mb)
Wi = mixing ratio at z

0. 622 (R | €g:k

P - RH)eg, i

n

(RH)k relative humidity at z expressed as a fraction

13



es. K = saturation vapor pressure at z)
?

_ 1 0(c—dx-ex2)
X = 1090/1‘k
and ¢, d and e are constants given by -
c = 8.42926604
d = 1.82717843
e = 0.071208271

The iteration process then begins by assuming that the first level above the surface
reference height (zk {k=1} =2z 1:{) at which a radiosonde measurement is avail=

able (zk {k=2} ) is equal to zm and solving Equation (2-6) for tR ; z.q°= zzi

I

‘and Equation (2-5) for QI' The lapse rate of virfual potential temperature between

- the surface reference height and the first height above the surface is then obtained

from the expression

A g &) {k=2} - &, {k=1)

Az z {k=2} - zp

and Equation (2-2) solved for z I’
(2-6) is less than the value z} {k =2}, then 10 meters is subtracted from z y {k = 2}

If the value of Zonl calculated from-Equation

. and the process repeated using the same value of Ad /Oz until the estimated value of

Z i is within % 10 meters of the value of Zmi calculated from Equation (2-2). If on
the first iteration step the value of Zil calculated from Equation (2-6) exceeds the
value z; {k = 2}, then the value of z) {k= 3} is used as an estimate of z ; and the
iteration process is continued by increasing k until the value of z,1 from Equation
(2-6) exceeds the estimated value of z,,j» However, for each iteration where k > 2,

a least-square regression fit of the form

14




o [zk —'<k§1 zy / K)]Z

is used, at the suggestion of Dr. Briscoe Stephens of NASA/MSFC, to obtain an

K - K
2 [ zk/K><I>k-(z q»k/K
A . k=1K k-1 4 e
2

estimate of the vertical potential temperature gradient. As a result of this iteration

procedure, the Preprocessor Program obtains an estimated final height of the cloud

centroid within ¥ 10 meters of the exact value that should be calculated,

It should be noted that Equation (2-2) is for use when the atmosphere is
thermally stable. For this reason, if the virtual potential femperature gradient is
ever less than 3. 322 x 1074 degrees per meter, the gradient is set equal to 3.322 x
1074 degrees per meter. Experience has shown that use of this device yields nearly
the same final cloud rise as the cloud rise that would have been obtained had a formula

for an adiabatic atmosphere been used in the calculation.

2.2.2 Continuous Source Cloud Rise Model

The maximum cloud rise Zme from a continuous source is

1/3
z =f(___"C (2-8)

where

&,
]

buoyancy flux
g Q,

T
TpC,

effective heat rate (cal sec'l)

O
o .
f

15



= He W

Y = entrainment constant = 0.5

el
il

height-weighted mean wind speed
between the surface and z
me
K

IRRCRR

k=1

z -z
mc 1

k = (ﬁ<+1'zk><hﬁii:—ﬁi>
2

=1
)

(uK 1 ~ uK) (zmc- zK)
~7.) +2 uK
- _ Cg.17 %
uj = @ , " %)
S me K
2
K = index of the last radiosonde

measurement point below the
height of the cloud centroid at

stabilization z
me

and U, are wind speeds at the radiosonde observation heights Zy . The time t’ck
required for the centroid of the ground cloud to reach an altitude zy for continuous

sources is given by the expression

1/2 &)3
t., = s arccos( -k );((ZQ3/J)>Z (2-9)
ck
d
where
3Q =z
J = ¢ 'k
2 ko
pc_my A (u.)
c i
Az
i=1

16




* [
The time t required for the cloud to reach the stabilization height z me 1S identical

to the time for instantaneous sources given by Equation (2-4).

As in the case of instantaneous sources, iteration is required to solve fop
the height z,,, because it is interrelated with the height over which A®/Az is
measured and with the wind speed ﬁc The same iteration procedure described in
Section 2.2.1 above for instantaneous sources is used in the Preprocessor routine

for calculating z ..

2.3 CALCULATION OF SOURCE MODEL INPUT PARAMETERS

The Preprocessor Program is used fo calculate the dimensions and Spat_:ial
position of the stabilized ground cloud and the distribution of exhaust products within
the cloud. In its present form, the Preprocessor Program can be used only with
Models 3 and 4 (see Section 3) to calculate the source model input parameters for
those portions of the stabilized ground cloud that are.contained within the surface
mixing layer. The source geometry identified with Models 3 and 4 is described in
Section 5. In brief, Model 3 assumes that the portion of the stabilized ground cloud
in the surface mixing layer is all contained within a spherical volume source. In
Model 4, the stabilized ground cloud in the surface mixing layer is assumed to be
contained in a number of cylindrical volume sources extending from the ground
surface to the top of the mixing layer. Extension of the Preprocessor Program to
include calculations of source inputs for all the models in the NASA/MSFC Multi-
layer Diffusion Models Program is currently in process with emphasis on implemen-

tation for the REEDA system of NASA/MSFC.

2.3.1 Calculation of the Dimensions and Spatial Position
of the Stabilized Ground Cloud

In the Preprocessor Program, the cloud radius at any

height z during cloud rise is calculated by the expression

17




N = 2 -2)3 <z <21 2~
r{z) ¥ ( z z) z <% 22z (2-10)
0 3 zZ>2%
m

where v is equal Y °rv, and z,, is equal to Z01°F Zme depending on whether the

source is instantaneous (I) or continuous (c).

The alongwind, crosswind and vertical source dimensions in the surface

mixing layer for Model 3 are calculated under the following assumptions:

e The alongwind, crosswind and vertical distributions of exhaust products

within the stabilized cloud are Gaussian

e The concentration of exhaust products at a distance of one radius from

the cloud centroid is 10 percent of the concentration at the centroid

" Thus the standard deviations of the alongwind (oxo {K=1}) , crosswind (Uyo {K=1})
and vertical (ozo{ K=1}) distribution which define the source dimensions at the point

of cloud stabilization are calculated from the relationships

UXO{K =1} = %o {(K=1}=r {zm} /2.15 = vE / 2.15 (2-11)

r {zm} /2,15 ; zTK{K=1}> z_+r {zm}

aZo{K=1}= ' o
Zog{K=1}-2 +r {Zm;} 2 ~rle )<z AK=l)<z +r{z )

4'3

18




where
2ok K=1} = depth of the surface mixing layer for Model 3

In the special case where the bulk of the cloud is above the surface mixing layer
(th{K =1} < I r{ zm}), the Preprocessor Program prints a message indicating
that calculations are terminated for Model 3 since its use is invalid in the surface
mixing layer for this case. The effective height HK {K = 1} of the stabilized cloud

centroid in the surface mixing layer for Model 3 is given by
Z ) H ZTK {K=1} Z zm + r{zm)

H {K=1)= 2-13)

{K=1} + z_ - r{z_}

zTK m

N £
. iz -T {zm) < zTK{K=1} <z + r{zm‘
In the case of Model 4, the Preprocessor Program assumes that the surface

mixing layer, for which the depth is defined as z__{L = 1}, is comprised of one or

TL{
more sublayers K with boundaries at heights in the surface mixing layer specified

in the radiosonde message. Alongwind and crosswind source dimensions are defined

in each K sublayer for normal launches by

-
Yzm z' < 2
2.15 ? = %m
vz -2
Tl ol = 3 Ty P A v 220 (2-14)
200 _ . ! '
E.—fs 93 3 Z >zm, vz' < 200
" J

and for abnormal launches by
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r‘
4
Y m 3 z'< z W
2.15 ~ m
vy@z -12z')
o {(Kl=0 ({K}= : 1
xo{ } yo{ y== 2. 15 5 zm <z' < zm r
0 s z'>2z
- m o
sa . th
z! = midpoint of the K sublayer
- Epg * 2pg) / 2
. th
Zog = height of the top of the K~ sublayer
. th
ZBK = height of the base of the K~ sublayer

The corresponding vertical source dimension for Model 4 is zero since the model
assumes a rectangular source distribution in the sublayers and uses error functions
to simulate a vertical line source between sublayer boundaries which is comprised

of an infinite number of (vertical) point sources (see Section 3.4 below).

For Model 4, the spatial position in the horizontal plane of the cloud in any
sublayer K at t*, the time of cloud stabilization, with respect to the origin at the

launch pad is assumed to be given by

Ay - 90 - tan - v, /%) 2-15)

Ry, = we ykz)l/z (2-16)
where

Yy = Yiip = Ry ©0s (0) (2-17)

X, = X1 " Ry sin (0) (2-18)
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For t ort <t : (2-19)

- + « 3
(tI, kel tI, k) (uk +1 uk) / 2 ; instantaneous source

k (2-20)
G, k417 %, 1 > (2,172 (4 vy /2 ,
i=1 . continuous
Rk = = ' source >
k
: Z @i = %)
i=1
- >

where 0 K and U are respectively the wind direction and wind speed from radiosonde

measurements at the kth height and btk and t are the times respectively from

c,k
Equations (2-3) and (2-9) for the cloud to pass through the kth height. When

*
b ok+1 OCh, k1 T

0 = (0 +6) /2 (2-21)
where
— f - -
¥m [9 A zk)] [zm Zk] * 0 (2-22)
S (0,,;-0) 3 |ok+1-ek|<1so
-p - . - (2-23)
0 = (0 41 =0 = 360); 6 6, > 180
( (0 4 q =0 * 360% 0 .1~ 6 <180
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and

RI' (t* - tI, k+1) s instantaneous source
R K . (2-24)
Rc' {t - tc, k+1); confinuous source
where
R = [(zm -2) /@y, - zk)] [(uk+1 -u)/ 2]+ u (2-25)
R, = H[(zm =2y / (Zre1 ~ Zk)] [(uk+1 =) /2]+ uk‘ %'m - zkE
K (2-26)
* Z [(z_i+1 m2) (Wt /z] % ! b

i=1

For Model 3, only the last position of the stabilized cloud, obtained by stepping

through Equations (2-15 to (2-26), is used to identify the position of the cloud at
stabilization, '

2.3.2 Calculation of the Distribution of Exhaust Products

within the Stabilized Cloud

The fraction by weight of pollutant material in the stabilized

ground cloud in each of the K sublayers within the surface mixing layer for Model 4
is given by the expression

QP szKg ; K=1
F{K}= (2-27)

Q (P ngKg -P ;zBKg); 1<K<z, ;L = 1%

where

total weight of exhaust products in the stabilized

ground cloud
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= Wt {z )t FM (2-28)

2

FM = fraction by weight of pollutant material in the fuel
from Table 2-2

LTK 2
Pl = L / e |-1/2(Z27m ) o= (2-29)
o
JZW o . .
ZrK ~ ’m
= @
g
. = r §z= z g /2.15
m
2
1 BK w22 "m \ ks 2’30)
P§ZBK% —— / Xp — (
-0
VA -Z
_ q,{ BK ’m }
g
2
 (f) = £ dé§

t
1 /‘ -
N exp [ 25 _
VZﬂ‘ 2
-

Inspection of Equations (2-29) and (2-30) shows that a Gaussian vertical distribution
of material is assumed about the height of the stabilized ground cloud z e If the
height z is less than the depth of the surface mixing layer Zoor, {L = 1} and the launch

is normal, the vehicle exhaust trail will insert more material into the surface mixing
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layer than given by Equation (2-27). In this case, the total fraction of material

in the Kth sublayer is given by

F{K}+ W+ FM (tR(zTK}-tR{zm}); tR (ZBK} < tR(zm}, 2z <z {L=1}

Fo (K} = (2-31)

X F{K}+ We FM (t {2 )= tp(2n ) s tpEp >t ez < Zpp {L=1)

In case of Model 3, only the total source strength of the pollutant in the surface
mixing layer Fp {K = 1} is required. Thus,

FpoiK =1} = QP {2y (K =1}} (2-32)
where zTK{K=1} is the top of the surface mixing layer, Q is defined by Equation (2-28)
above and P{zTK{K=1}} is defined by Equation (2-29).

Since the desired concentration units for HCl, CO and CO2 are parts per

million, the complete expression for QK is

10% mg) (224 T \/1013.2
Q - 7. {K) : (2-33)
g M /\273.16/ \ P

where
M = molecular weight of HCI, CO, or CO2
= ambient air temperature (°K)

P = ambient pressure (mb)

/
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For A1203, the desired concentration units are milligrams per cubic meter, so that

Q = Fo. {K} (103 mg/g) (2-34)

2.4 CALCULATION OF METEOROLOGICAL MODEL INPUT PARAMETERS

The majority of meteorological model input parameters required by the
Preprocessor Program, and by Models 3 and 4 described in Section 3 below are obtained

from radiosonde observations. These include:

Up =  wind speed (m sec'l)

ok =  wind direction (deg)

Ty = ambient air temperature (°K)

(RH), = ambient relative humidity expressed

as a percentage
P = atmospheric pressure (mb)
. . -3
p = surface air density (gm )

In addition, the use of Models 3 and 4 to predict concentrations and dosages in the

surface mixing layer requires the following metecorological parameters:
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O’AL {L=1} or O'AK {K=1}

' — 1 _
O'EL(L-I} or oL {K=1}

oy, OTag

B oF Bk

zTL{L=1} OF 21 {K=1}

[P SRS PUDA RN 4

mean layer standard deviation of the wind
azimuth angle in radians for the surface
mixing layer for Model 4 (L notation) and

Model 3 (K notation).

mean layer standard deviation of the wind
elevation angle in radians for the surface

mixing layer for Model 4 and Model 3.

lateral diffusion coefficient in the surface

mixing layer for Model 4 and Model 3.

vertical diffusion coefficient in the surface

mixing layer for Model 4 and Model 3.

depth of the surface mixing layer for

Model 4 and Model 3.

The standard deviation of the wind azimuth angle in the surface mixing

layer, in the absence of turbulence induced in the layer by the rocket vehicle itself,

is proportional to the source function time 7 and the wind speed profile in the mixing

‘layer. Dumbauld, et al.

1/5

T
crA {t} ~ U..AR
-
o
and
1 v z
O'A (z) ~ O‘AR -
R

sy T < T
o

(1970) give the following relationships:

< 600 seconds (2-35)

(2-36)
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where

O‘AR = standard deviation of the wind aximuth
angle for the reference time T measured
at a reference height Zg

p o= power-law coefficient of the wind speed

profile in the surface mixing layer

Assuming that the source function time 7is equivalent to the time t* required for
stabilization of the ground cloud, the mean standard deviation of the wind azimuth

angle in the surface mixing layer is

1/5 ( i-p i-p
et A ) (2-37)

O'AL(L=1) = On - -
0 ) (ogy, 1o - 2g)-0)e)

For physically reasonable combinations of z_,_, p and t*, which are interrelated

TL
because of their joint dependence on atmospheric stability in the surface mixing

layer, the value of GLKL {L = 1} falls within the range

= 600} = 600}

! t
(4 T { o T
AR %o <0, {L=1} < AR{o
4 1.5

(2-38)

when the reference standard deviation UAR is measured near the surface 2m <z

R
< 20 m) over a reference time of 10 minutes. The passage of the rocket vehicle
through the surface layer introduces trubulence that may persist for 30 minutes or .
longer, depending on the stability. This vehicle-generated turbulence enhances
ambient turbulence levels and thus acts to increase the value of O'AL{L=1}. For

these reasons, the simple expression
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= 600
) (2-59)

?
oy (L =1) - "ar {0
2

is used in the Preprocessor Program to define the mean layer standard deviation of

the wind azimuth angle.

The standard deviation of the wind elevation angle is not related to the sourae
function time, but is approximately related to the value of O'A {70} by the expression

(Cramer, et al., 1964)

o'\ _ {7 = 600 seconds}
0

1 I AR 2
UER (2-40)
3
and to the wind profile in the surface mixing layer by
[ 0.3 -p A
o! z
ER ; unstable
ZR conditions
R e
Y
. z
UER ; neutral and
ZR stable conditions

Therefore, under unstable atmospheric conditions, O‘E': increases with height. Also,
while 0'1'3 decreases with height under neutral and stable conditions, vehicle-induced
turbulence will persist longer under these conditions and will tend to increase ambi-
ent turbulent levels. For these reasons, the Preprocessor Program assumes tur-
bulence is isentropic in the surface mixing layer such that
oL {L=1} = o {L=1) . AR {rg = 600 (2-42)
2
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Thus , the only turbulence input required for program operation is O'AR {TO = 600
seconds}, the reference standard deviation of the wind azimuth angle measured over
a 10-minute period at a height near the surface. At Kennedy Space Center, these
measurements are available from bi-directional vanes mounted on towers throughout

the launch complex areas.

In the NASA/MSFC Multilayer Diffusion Models Program, values must be
assigned to the lateral @ and vertical 8 power-law diffusion coefficients. Experience
in application of the models to predict dispersion from nearly-instantaneous sources
has shown that @ and 8 normally vary insignificantly from unity. The diffusion
experiments discussed by Pasquill (1974) indicate that o and g for an instantaneous
source are essentially independent of atmospheric stability. For short travel
distances, the experimental evidence suggests that « is greater than or equal to
unity. Even for travel distances as long as 500 kilometers, a value of unity (Pasquill
1974, p. 224) appears to provide a reasonably good approximation to the data. Before
vertical cloud expansion is restricted at the top of the surface mixing layer, the
diffusion experiments analyzed by Pasquill show that g is also equal fo unity. At
larger downwind distances, the experiments indicate a less rapid increase of cloud
vertical expansion, which probably reflects the restriction on vertical growth at the
top of the surface mixing layer. Since the NASA/MSFC Multilayer Diffusion Models
provide for restricting vertical growth at the top of the surface mixing layer, a value
for B of unity would provide a good estimate of vertical expansion rates. For these
reasons, the Preprocessor Program sets all power-law diffusion coefficients in the

surface mixing layer to unity.

The depth of the surface mixing layer, Zog, {L =1} for Model 4 and Zog (K =1}
for Model 3, is not automatically derived from meteorological data available to the
Preprocessor Program at the present time, but must be specified as an inpuf to the
program. In the input list to the Preprocessor Program, the depth of the surface

mixing layer is denoted by Hm. An experienced meteorologist can estimate the
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depth of the surface mixing layer through inspection of the radiosonde data and a
general knowledge of the mesoscale and synoptic scale weather patterns at a partic-

ular site.
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SECTION 3

THE NASA/MSFC MULTILAYER DIFFUSION MODEL

The meteorological structure in the lower troposphere is usually comprised
of several layers with distinctive wind, temperature and humidity fields. Horizontal
spatial variations in wind regimes can also occur in the surface layer, usually as a
consequence of changes in terrain or at land-water interfaces. The models described
below have been designed to accommodate to these variations of meteorological
structure in the lower troposphere. The vertical stratification problem in the trop-
osphere is handled by applying the models to individual layers in which the meteoro-
logical structure is reasonably homogeneous, Layer boundaries are placed at the.
points of major discontinuities in the vertical profiles of wind, temperature, and
humidity. For simplicity, it is assumed that, in general, there is no flux of material
across layer boundaries due to turbulent mixing, Provision is made, however, for
the flux of material across layer boundaries as a result of gravitational settling or
precipitation scavenging and, in Model 4, as a result of breakdown in meteorological
layer structure. Changes in the meteorological structure of layers, at some
arbitrary time or downwind distance from the point of release, are accommodated
by stopping the transport and diffusion processes in the layers affected by the change
in structure, calculating new sets of initial source and meteorological input parameters
and re-starting the transport and diffusion process with the new inputs. The provisions
in the use of Model 4 for permitting changes in initial conditions are also ideally suited
for calculating concentration and dosage fields in the surface mixing layer when
portions of the cloud of exhaust products are located at varying spatial positions at
cloud stabilization. The use of this feature of Model 4 is further explained in Section

3.4 below.
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The major changes in the model construct from those appearing in the
report by Dumbauld, Bjorklund and Bowers (1973) are that provision has been made
in the Vertical Terms of Models 3, 4 and 6 for partial reflection of material at the
ground or water surface, For convenience, the mathematical specifications for all
the various layer models contained in the NASA/MSFC Multilayer Diffusion Models

Program are given below.

3.1 MODEL 1

In this layer model, the source extends vertically through the entire layer
and turbulent mixing is occurring. It is assumed that the vertical distribution of
toxic material is uniform with height and that the distribufions of toxic material

along the x- and y-layer coordinates are Gaussian.

3.1.1 Dosage Equation for Model 1

The dosage equation for Model 1 in the Kth layer is

Dy s Fier e} = % exp Yy (3-1)
2 Y.s
kT vam Uk %K (ZTK B ZBK) zcyi(
In the above expression
QK =  the source strength in unjts of mass
Zog = height of the top of the Kth layer
ZoK = height of the base of the Kth layer

The quantity ﬁK in Equation (3-1) is the mean cloud transport
speed in meters per second in the gth layer. In the surface layer (K = 1), the wind

speed-height profile is defined according to the power-law expression
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= p
zK {K 1}

u {zK, K= 1} = uR A (3-2)
R
where
G‘R =  mean wind $peed measured at the reference height Zp
) = power-law exponent for the wind speed profile in the surface
layer
oo K=1} zTK{K-‘=1}
= log {— B0 log { ~——
“r R
ETK {K=1} = mean wind speed at the top of the surface layer T {K=1}
Ze {K=1} =  height in the surface layer

Thus, in the surface layer, the mean cloud transport speed is defined by the ex-

pression 2
q TK
GK{K=1} = R 5 / (ZK {K=l})p dz

(ZTK {K‘—‘l} - ZR) zR

R

- iy [( e €= 1})1+p - (2g) 1+p]
(ZTK fk=1}- ZR) (ZR)p (“9)

In layers above the surface layer (K > 1), the wind speed-height profile is assumed

linear and defined by the expression

d, . -8
- - TK BK
u{z » K> 1} =u,  t\— <z -z ) (3-3)
K BK zTK ZBK K BK
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where

TK mean wind speed at the top of the layer Zog

U

mean wind speed at the base of the layer z

UBK BK

th
In the K™ layer (K >1), the mean cloud transport speed is given by the expression

g {k>1} = (ﬁTK_+ ﬁBK)/Z

The standard deviation of the crosswind dosage distribution

is defined by the expression

2
a
+ - -
G, = o, {7} x (xK YK (1 QK))
yK AK Ty e xry
(3~4)
2)1/2
Bl
i
4.3
where
{7} = mean layer standard deviation of the wind azimuth angle in
radians for the cloud stabilization time 7
In the surface layer (K = 1),
+
[ {7} [ e=1))""" - ()" 1]
g 17 K=1} = (3-9)
K <m+1><z {K=1}-12z )(z )m
TK R R
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where

OAR {r} = standard deviation of the wind azimuth angle in radians
at height zR and for the cloud stabilization time 7T
r \1/5
- e 2 — L
- AR 7o (‘ro ) <1so>
OAR 37 02 = standard deviation of the wind azimuth angle in degrees

at height Zp and for the reference time period To

m = power-law exponent for the vertical profile of the
standard deviation of the wind azimuth angle in the

surface layer

! =
_ tog Tprg {75 K=1} tog —
g {7} ]
+\ 1 /5
= L L
oppg{7s K=1} = Tk iTor K71 (ro> (180)
OATK iT o’ K= 1% = standard deviation of the wind azimuth angle in degrees

at the top of the surface layer z K for the reference

T
time period To

For layers above the surface (K > 1),
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O'ATK {7, K>1} = <0}'\BK {r} + UABK{T}>/2 (3-6)

where 1/5
oA L7 T Y {T } x T
ATK ATK {0 - 180
(o]
T TR {'ro} = standard deviation of the wind azimuth angle in degrees

at the top of the layer for the reference time period

T
o
1/5
\ - {7 } il T
oapx {7} - %ABK Uof \7 180
OpABK {To} = standard deviation of the wind azimuth angle in degrees

at the base of the layer for the reference time period

T

o
ﬁ( = downwind distance from the source
yK = crosswind distance from the axis of the cloud
xyK = crosswind virtual distance
o {K}
= A
Ta {7} *Ry

h ]
when g K} < ore {7} Xy

% K} \Yex

7} Xry -ny + xry (l—ozK)

= @, X
K “ry O'AK{
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when 1
%0 K} > Tk {7} -

o-y {K } = standard deviation of the lateral source dimension

in the layer at downwind distance ’&iy

X = distance from the source at which o {K }is mea-
Ry yo
sured
xry = distance over which rectilinear crosswind expansion

occurs downwind from an ideal point source

o = lateral diffusion coefficient in the layer

o' K = vertical wind direction shear in the layer

= (GTK - 6BK> (T;TE)

] TK = mean wind direction in degrees at the top of the layer
6 BK = mean wind direction in degrees at the base of the layer
3.1.2 Concentration Equation for Model 1

The maximum concentration for Model 1 in the Kth layer is given by the

expression
D, i ‘
X XK’Y ,Z} = KIK (3_7)
K K" K ———m
%K
where
%K = standard deviation of the alongwind concentration

distribution in the layer

37



L e}

"

"

1/2

l E 2
(L 5 ) * Gx02> &) v “9

4.3

alongwind cloud length for a point gource in the layer

at the distance xK from the source

0.28 (88) ()

s AU, >0
T k=
0.28(jaT) (%) A®
‘-’K ;AuK<0,-Z—Z-{K}<o > (3~9)
0 ;A6K<o,-A—§{K}zo

vertical wind-speed shear in the layer

4, {K=1} - U

Yrk T YK

lapse rate of virtual potential temperature in the

layer

standard deviation of the alongwind source dimension in

the layer at the point of cloud stabilization
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The above equation for L {xK} is based on the theoretical and empirical results
reported by Tyldesley and Wallington (1965) who analyzéd ground-level concentration
measurements made at distances of 5 to 120 kilometers downwind from instantaneous

line-source releases.

The maximum centerline concentration for Model 1 in the Kth layer is given

by the expression

2 -1
X { 0,2} = x, dewp[_K (3-10)
ck Vx ¥k 7 & x P\ T
yK
The average alongwind concentration is defined as
X = Dy /tpK (3-11)
where
R s : th
tpK = cloud passage time in seconds in the K layer
= 4.3 0Kk / uK

The time mean alongwind concentration in the Kth layer is defined by the expression

- % Ta

= K -
X {xK Vo Zh TA} == {ert (3-12)
A 2V2 ¢
xK
where
T = time in seconds over which concentration is to be

averaged

The time meé.n alongwind concentration is equivalent to the average alongwind

concentration when t __equals T

pK A
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3.2 MODEL 2

Layer Model 2 refers to the same source configuration as Model 1 in
which the source extends vertically through the entire depth of the layer and the
distribution of toxic méterial is uniform with height. In Model 2, however, it is
assumed that no turbulent mixing is occurring. Consequently, there is no dilution
of the cloud due to turbulent expansion, The dosage and concentration equations for

Model 2 are given by Ecuations (3-1) and (3-7), respectively, with the following

substitutions:
oK " "yo{K} (3-13)
O = %o K} (3-14)

3.3 MODEL 3

This layer model differs from Models 1 and 2 in that the vertical extent of
the source is less than the depth of the layer. The model equation thus contains

Yertical expansion terms.
3.3.1 Dosage Equation for Model 3

The dosage equation for Model 3 in the Kth layer is given by

the expression

Q y

K 1{’K
D{’y’z <Z<ZTK}= © -<>
k V%’ Yk %k © %k 21ro-yK0'ZKEK 2 oK (3-15)

“z 7w 2 (Zi (ZTK'ZfK) N (HK'ZK)>

=0 2K
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. . 9
i+1 1 (21 (o ~ Zpi) * (B~ Zopr * zK))
2

+ty exp
r 92K
(=]
. - L 2 (3-15)
.\ i 1 (2 G~ %pi) ~ (M ™ %)
%o\ 2 ;
i=1 zK '
. 2i (g = Prc) = (H = 22+ 7)) 2
+ 71-1 1 TK "BK K BK K
v exp { - 3 .
zK
where
QK = source strength or total mass of material in the layer
HK = effective source height or height of the centroid of the
stabilized cloud
T K = standard deviation of the vertical dosage distribution
in the layer
'yr = fraction of material reflected at the surface zBK (1

for complete reflection and 0 for no reflection) and
0° is defined to be equal to unity for convenience in

writing Equation (3-15)

The remaining terms are the same as those in Egquation (3-1) for Model 1.

The standard deviation of the vertical dosage distribution is

defined by the expression
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wrhinh fha annrrna o

B
v *k i %K . }.{rz (1 _ﬁK) K

c. = g (3-16)
zK EK rz BK X
where
L = mean standard deviation of the wind elevation angle
in radians for the layer
XZK = vertical virtual distance in the layer
I
BK = vertical diffusion coefficient in the layer
X s = distance over which rectilinear vertical expansion
occurs downwind from an ideal point source
In the surface layer (K = 1),
=N a+1 q+ 1]
K=1 -(z
' {K=1} ’ER [(ZTK ' }) ( R) ( = > (3-17)
O‘EK ( +1> (Z {K=1} -z ) (Z )q 180
q TK r/ R
where
OER = standard deviation of the wind elevation angle in degrees
at the height Zp
q = power-law exponent for the vertical profile of the

standard deviation of the wind elevation angle in the

surface layer
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L - {g=1}

op i K=1

%ER

2 {K=1}

2R

log log

standard deviation of the wind elevation angle in degrees

at the top of the surface layer

Above the surface layer (K > 1),

60+ o )
ek fK>1} etk °EBK/\360

where

ETK

g
EBK

The vertical virtual distance x

T

standard deviation of the wind elevation angle in degrees

at the top of the layer

standard deviation of the wind elevation angle in degrees

at the base of the layer

is given by the expression

zK
s -
%0 3
- X H Kt < o!
O‘I'SK Rz %0 &} 2 gk *rz
1 L
.1 \1/8
o 1K} K :
ﬂK Xz a'zox *Ra * *r2 (1 BK) P % &} > 9EK *rz
EK "rz
L P
where
o {K} = standard deviation of the vertical dosage distribution
%0
at sz
xR = distance from the source at which czo {K} is mea-
2 .

sured in the Kth layer
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3.3.2 Concentration Equation for Model 3

The concentration equation for Model 3 is the same as that
for Model 1 which is given by Equation (3-7) in Section 3.1.2 with D‘K from Equation
(3-15), Equation (3-10) in Section 3. 1.2 also gives the maximum centerline concen-
traion for Model 3. Similarly, average and time mean alongwind concentrations for

Model 3 are given by Equations (3-11) and 3-12) with D_, from Equation (3-15).

K
3.4 MODEL 4

_ Model 4, the layer-breakdown model, may be used to calculate concentra-
tion and dosage fields resulting from changes in the meteorological layer structure.
Model 4 may also be used to determine concentration and dosage fields in the surface
mixing layer downwind from a source in which the source strength varies with height
in the layer and/or where there are spatial differences in source locations within a

layer. The application of Model 4 requires the following assumption:

° The boundary between adjacent layers or sublayers is eliminated

and the layers are replaced by a single layer L
® Turbulent mixing is occurring in layer L

° The material in each of the layers or sublayers is initially uniformly

distributed in the vertical

° Reflection occurs at the upper and lower boundaries of layer L

The selection of Model 4 for layer breakdown calculations or to accommo-
date vertical source strength variations and/or spatial differences in source loca-
tions in the surface mixing layer is controlled in the computer program by selection
of certain options (see Appendix B) available in the input configuration. If no special
provision is made and Model 4 is specified for use, the program assumes that the

function of the model is to accommodate to vertical source strength variations or
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spatial differences in source locations. For example, the surface mixing layer can

be divided into several sublayers where the source strength, although assumed to be
vertically uniform in the Kth sublayer, increases with height in subsequent layers.
Also, becausc of wind spced and direction shear in the sublayers, portions of the
exhaust cloud may be located at different positions in the horizontal plane at the

time of cloud stabilization. In this case, Model 4 calculates the contribution from each
sublayer to the composite concentration and dosage fields in the surface mixing layer

by permitting turbulent mixing across the initial sublayer houndaries.

If Model 4 is to be used to predict the concentration and dosage fields
downwind from a change in meteorological structure, the program option ISKIP(7)
must be properly set, the input parameter NBK must be initialized, and the meteoro-
logical parameters for the new Lth layer and the time t* at which layer breakdown

occurs must be specified (see Appendix B).
3.4.1 Dosage Equation for Model 4

The dosage equation for Model 4 for the contribution from the
portion of the cloud in the Kth layer to the rcceptor position in the layer L is given

by the expression

Q. 2

D - K exp 1 < Y1, >

1K - ‘ T2 \g

5= _ .
avem llL GyLK (ZT K ZBK) yLK

(< . Ri(z, .. -z + 2z -z ~2i(z, __ -z -2z__ +z
§ :|}'; erf ( TL BL) TK L +erf ( T'L BL) BL L) (3-18)

i=Q V2 %K 20,k
i - - + + 9ilz - o+ - -
i+1 Loy, zo1) “22pp, ¥ Zp 7L 2i(z 2n1)" 2%pL.” % %L
+ ¥ erf +erf —
20,1k V2 0,1k
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zLK
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r1"%sr) T 2%py, " fpx %y,

"
2ok

-2i (z

"
20,1k

-7+ 9} - + -
ZBK 2L, 2i(2 0y =21 ) * o~ 7y
+ erf ‘ -

(3-18)

- - + +
11" %B1) ~ %%y, Zyx T

1)

+orf

&
2o,k

where, again for convenience, 0° is defined equal to unity.

The total contribution to a receptor position in layer L is calculated by summing

the contributions from all K layers.

A derivation of the vertical term (ferms

following the summation signs) in Equation (3-18) is presented in Appendix E. In

the above expression

K

=1

[=1]

TK

Uk

= source strength in units of mass for the source in

the layer K

= mean cloud transport speed in the Lth layer

n

2

K=1

{( %1k ~ “BK) »(ﬁTK ¥ GBK)/ .2}

11
Z (*1x ~ %BK)
K=1

= wind speed at the top of the Kth layer

= wind speed at the base of the Kth layer

and n is the number of sublayers in layer L.

m o ——————
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The crosswind distance from the axis of the cloud to a

receptor yL (defined positive to the right looking downwind) is given by the expression

= - i t - - 4 -
¥y, (yj ySK) sin 6 L (xj xSK) cos 6 L (3-20)
where
xj,yj = position of the receptor with respect to the origin of
the reference coordinate system with the y axis
positive northward and the x axis positive eastward
. q th
xSK’ ySK = coordinates of the cloud centroid in the K™ layer at
time t* with respect to the origin of the reference
coordinate system
. o= - @ t* sin 6!
xSK xi uK t" sin K
= -1 * ot
Ysk y; ~Og b cos Oy
X . th .
xi,yi = coordinates of the source in the K~ layer with
respect to the drigin of the reference coordinate
system
n
0 1
; {(ZTK g (%K)} :
t = 3-21
61 (3-21)
S :(ZTK " %K)
K=1
T
1 = + —
6K (BTK 6BK) (360)
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g TK = wind direction at the top of the Kth layer in degrees

wind direction at the base of the Kth layer in degrees

]
BK

The standard deviation of the crosswind dosage distribution

o in the Lf‘h layer is defined by the expression

yLK
2
@
+x* - l1-a
= o' { } < xL XyKL xry ( L) (3-22)
UyLK AL V75 Pry : o X
241/2
Af'_ x
I i P #
[ 4.3 ]
where
O'Ali T} = mean layer standard deviation of the wind azimuth

angle in radians for the effective cloud stabilization

time 7

In the surface lyer (L = 1),

o 2 L= PLtlo@ oLt
o {7, L=1} = arc{™} [(TLL ) (g) ] (3-23)

(mp + 1) (zTL{L=1} - z) (zR)mL

where
O’AR L {r} = standard deviation of the wind azimuth angle

in radians at height Zp and for time 7
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© () ()

% RL {15} = standard deviation of the wind azimuth angle in
degrees at height Zq and for the reference time
period To

m, = power-law exponent for the vertical profile of the
standard deviation of the wind azimuth angle in the
surface layer L =1

_ Opepy, (75 L=1} 2o {L=1}
mL = log 3 log —
AR \7 R
\1/5 .
! L= 1 = s L=1 A —
oppy, {7 L= oarL {70 ; <To) (180)
OATL { To? L=1} - standard deviation of the wind azimuth angle in degrees

at the top of the surface layer z L for the reference

T
time period To

For layers above the surface layer (L > 1),

O'AL{ T, L>1} = (UATL{T} + O'ABL { T}>/2 (3-24)
where . 1/5 1r
o {7 B oprL (7o) (?;) (Ts’E)
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]

Oprr, {70}

oxL{™}

CABL {7 }

given by the expression

where

TL

BL

standard deviation of the wind azimuth angle in degrees
at the top of the layer for the reference time period

T
(o]

w0 (%) (65

standard deviation of the wind azimuth angle in degrees

at the base of the layer for the reference time ‘r0

The wind-direction shear in radians in the layer is

* (w78 (0)

mean wind direction in degrees at the top of the

layer Zmy,

mean wind direction in degrees at the base of the layer

ZBL

The crosswind virtual distance in the Lth layer due to source

{cloud) originating in the Kth layer is-given by the expression
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* 1/a

o. L
x*KL - X g }?f']%}l X " *r (1 -aL)
Y Iy \0ay, ry y
where
"*yKL = crosswind source dimension in Layer L due to source

(cloud) originating in the Kth layer

o) o (egmop)] * [l5)” oo =01 )]}

alongwind standard deviation of the dosage distribution

1/2

7 %K th
in the K~ layer at time t*

o*yK = crosswind standard deviation of the dosage distribution
in the Kth layer at time t*

aL = lateral diffusion coefficient in the layer

xry = distance over which rectilinear crosswind expansion

occurs downwind from an ideal point source

The downwind distance from the point where the change in layer
structure occurs for the source (cloud) in the Kth layer to the point where the dosage

is to be calculated xL is given by the expression

= - - in@'_ - - 8! -
X (xj xSK) sin L (yj ySK) cos L (3-25)

The standard deviation of the vertical dosage distribution

UZLK in the Lth layer is defined by the expression
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where

rz

)BL

mean standard deviation of the wind elevation angle

2L (3<26)

921K - O;ZL sz (x

Irz

in radians for the layer

vertical diffusion coefficient in the layer

distance over which rectilinear vertical expansion

occurs downwind of an ideal point source

In the surface layer (L = 1),

O'E':L{L= 1} =

where

CERL

+ +1
°ERL [(ZTL L=1}) L (2g) L ]

(ap,*3) (2, L=1} - zp) (ZR)qL

s

(___

180

)

(3-27)

standard deviation of the wind elevation angle in degrees

at the reference height z R

power-law exponent for the vertical profile of the

standard deviation of the wind elevation angle in the

{L=1})/ (zTL{L=1})
10g-—-_—z—-——
R

("ETL
log T e
ERL

standard deviation of the wind elevation angle in

surface layer

degrees at the top of the layer Z1L
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Above the surface layer (L > 1),

T
t = + —_— -~
oy, {71} ("ETL "EBL) (360) (3-28)
where
CETL = standard deviation of the wind elevation angle in
degrees at the top of the layer ZoL
%EBL = standard deviation of the wind elevation angle in
degrees at the base of the layer ZaL
3.4.2 Concentration Equation for Model 4

The maximum concentration equation for Model 4 is given

by the expression

D__ 1
_ LK L
Xpx &rp Yo 2y T ———“—m (3-29)
%%LK
where
T 1K = standard deviation of the cloud alongwind concentration
distribution in the layer
y 2 1/2
- {Ee) L (50
|\ <3 ’xKL
L g = alongwind cloud length of a point source at distance X5
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r - B
0.28 (AuL) X e
- ’ L=
4,

0.28(1 Al X
- J (l _ uLI) ( L) s Al <0;%‘§{L}<0 - (3-30)

uL L
AP
. A .22 >
0 P AT <055 {L}>0
w J
At’iL = vertical wind speed shear in the layer
= “r. T “BL
-ﬁ—f {L} = lapse rate of potential temperature in the layer
o* XKL = alongwind source dimension in layer L due to source
(cloud) originating in the Kth layer
1/2
= * \2 2 1_pt + * \2 -291_91
;[(”xK) cos” (601 (7yx) = (¢ ~°1)
A . The maximum centerline concentration for Model 4 in the Lth
" layer is given by the expression
= R = A E
Xorx Fu Y= % A = X / {LATERAL TERM}
-1
9 (3-31)
- oxo || —L
X1k )P |- b 2
%YLK
The average alongwind concentration at the cloud centerline
is defined as
Xix = Dix /tpL (3-32)
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where

tpL = cloud passage time in seconds in the Lth layer

4,3 O LK / up
. . C . th
The time mean alongwind concentration in the L™ layer for

averaging time T , is defined by the expression

A

D u T

— _ LK L A
X (*rg’ Yk’ %k’ Ta) T, erf avE o (3-33)
axLK

3.5 MODEL 5

This model is used to calculate the amount of material deposited on the
surface by precipitation scavenging in the Kth layer. The ground-level deposition
WDK due to precipitation scavenging, for the case in which the vertical distribution

of toxic material in the layer is uniform with height, is given by the expression

AQy { WAL
WD, (¥, Yiry 2=0} = = exp | - —(—
KKK o a 2\o
' 2r TyK K yK (3-34)
X
K
K
where
QK = source strength in units of mass for the source in
layer K
tl = time precipitation begins
A = percent of material removed per unit time
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The principal assumptions made in deriving the above exbression are:

° The rate of precipitation is steady over an area that is large com-

pared to the horizontal dimension of the cloud of toxic material

° The precipitation originates at a level above the top of the toxic

cloud so that hydrometeors pass vertically through the entire cloud

® The time duration of the precipitation is sufficiently long so that the

entire alongwind length of the toxic cloud passes over the point x

Engelmann (see Slade, 1968, pp. 208-221) discusses the general problems of cal-
culating the amount of material removed by precipitation scavenging and recommends
values of the coefficient A that may be combined with precipitation rates to obtain
estimates of total surface deposition, Other useful information may be obtained
from the proceedings of the 1970 Symposium on Precipitation Scavenging (Engelmann

and Slinn, 1970), from Pellett (1974) and from Knutson, et al., (1974).

i

When changes in layer structure occur at time t* the contribution to

ground deposition WD K due to precipitation scavenging in the Kth layer is given by

L
the expression

2
WD {*& y 7—0} = AQK exp 1 yL
A y g o= -_— - o -
LKl L7L ver Y1k Lo 2 \ Lk
(3-35)
b
exp —A-ﬁ-k+t*-t1
L
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Maximum ground-level deposition at a point (xL, Yy, z=0) assuming no
previous cloud depletion due to scavenging, can be obtained by setting the second
exponential term in Equation (3-35) to unity. Total ground deposition is obtained by
summing the contributions from all layers through which precipitation is falling at
points on the reference grid coordinate system. The height of the top of the upper-

most layer through which precipitation is falling z must be supplied as an input

lim
to the computer program.

The dosage or concentration at a point in space, assuming precipitation
scavenging occurs, is obtained by multiplying the appropriate dosage or concentra-
tion equation by the exponential term in Equation (3-34) or (3-35) confaining the

coefficient A .

3.6 MODEL 6

This model is used to calculate the ground deposition due to gravitational
settling. The basic source configuration is an area source of finite lateral extent
and unit vertical extent. Other source configurations are treated by summing the
deposition at the ground resulting from a number of basic sources arranged to
simulate the desired configuration. The model is essentially a tilted plume model
in which the effects of wind shear are taken into account. The axis of a particle or
droplet cloud of a given settling velocity intersects the ground plane at a distance
from the source and at an angle from the mean surface wind direction that are
proportional to the total angular wind shear and the residence time of the settling
material in the layers between the source and the ground surface. In any layer,
the inclination of the cloud axis from the horizontal is given by tan—l Vs / a, where
VS is the particle or droplet settling velocity and u is the m;‘;m fransport wind
speed in the layer. In all cases, material released in the K~ layer and dispersed
upwards by turbulence is assumed to be reflected downwards at the interface of the
Kth and (K + 1)th layers. The basic model is used to calculate the ground-level

deposition pattern for a single value of the settling velocity. The total deposition .
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pattern is obtained by summing the results for all settling velocities representative
of the particle or droplet-size distribution of the released material on a reference

coordinate grid system.

In the computer program, provision is made for calculating deposition
from a source which fills the layer in the vertical and for a source in which the
vertical extent is less than the depth of the layer. These models are described

below.
1

t 3.6.1 Gravitational Deposition Model for a Source that Extends
Vertically Through the Entire Layer

Ground-level deposition by gravitational settling for a source
that extends vertically through the entire layer and in which the material is uniformly
distributed in the vertical is calculated by summing contributions from a number of
elementary sources in the Kth layer. Deposition at the surface for a single ele~

mentary source at height Hn in the layer is given by the expression

K
2
f.Q, T 1/ s
. K K - = -
DER_ = K K {MnK+ NnK} {exp[ 5 (a (3-36)
ynK fk ynK
where

fi = fraction of particles or droplets with setting velocity Vs
QK = source emission rate in layer K (g sec-l)

TK = source emission time in layer K

¢ K = number of elementary sources in layer K for simulating

a uniform vertical distribution
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y ‘ = lateral distance from the deposition axis of particles

or dr_-oplets with settling velocity Vs |

= RS sin ¢ s
RS = radial diétance in the horizontal plane from the source to
' a receptor
¢s = angle between the axis of the ground-level dep6$ition

pattern and the radial connecting source and receptor

for seftling velocity VS

The terms M K and N are vertical terms that include provision for reflection from

the boundary between the K th and (K + 1)th layers. These terms are defined by the
expressions
N . -{V x 0
M N = gK + (1-8 )v_sw /u 1K ol H o (\S\S/unK)
nk " Mok = (% U' ) 145, | il o )1+_BK
EnK EnK"'s
o ~ - - , Y
Awnte Bl2azy ~l ) - (RO V X /U, 3 (2REy e (VX /T )
r o )1+/_3K eXpi- 5 ' )1+I§ (3-37)
a=1 EnK' s Enk"s
o ﬁl\'(zaz'l‘KHInK)+(1:fl{) Vox/ 0k ool L 23z 4 (Vxu
r o! (x )l-mK T\ ! X ”BK
EnK'"'s EnK(' s)
where
X T R cos ¢
s s s
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SGK

mean wind transport speed in the layer between HnK

and the ground
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The quantity ﬁHK is the mean layer wind speed between the
height H nK and the base of the Kt layer. The following expressions define the mean

layer wind speerls in the surface layer (K = 1) and the layers above the surface layer

(K >1):

- 1+ 1
5 {Ke1) = uR[(HnI{{K=1}) p'(’n) +p] (3-38)
HK (1+p) (HnK{K=1} - zn) (zR)P

Yk YBK ok %k . [ “BK]
2

2 (3-39)

The mean standard deviation of the wind elevation angle in

radians in the layer between HnK and the base of the Kth layer is given by the

expressions

1+q _ 1+q]

-GER [( I {K=1}) (%r)

L (1) (M, {K=1} - zz) (%R )% (130 ) (3-40)

K-1 :
T ' _ ' -
Oent B> =g [“EnK{K'l}] * Z °Ei (z'ri zm)].
nkK i=2 (3-41)

w(H -z a -G
. ( r;[;o BK) [( ETK-ZEBK ) (HnK- zBK) + UEBK}
TK “BK : .

The vertical diffusion coefficient in the layer between H nK

and the base of the Kth layer is given by the terms

B (=1} = B (3=42)
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The mean lateral diffusion coefficient in the layer between

HIlK and the surface is given by the terms
aK{K=1} =
K1 _ (347
_ _ 1 - -
g {K>1} = H o 1/;? o (%py = 7m) | * ["K(an “BK )]

The number of elementary sources ¢ K required to simulate

a uniformly distributed source in the vertical is given by the expression

(3-48)
tx = (%rk " %pk)/ %0k
where th
AhK = vertical separation of elementary sources in the K
layer
1/2 V_\1/2
2 2 S
= R o} (X +Y ) (1 + ._—')
¢ EH \ HK HK Uk
Rc = a constant value depending on the accuracy desired in
simulating a vertical line source configuration., A
value of Rc = 0. 45 yields deposition estimates that
are within 10 percent of the frue value
= 1 3 = l - -+
EH Opn With B = 3 (Bpyg ~7pg) *oZpg
= i = = - +
XK Xy With Hoe = 5 (g = Zgy ) * Zpg
Y = Y with H =lz -zt z
NK nK nK 3 ( TK “BK) BK
i = u ith H =1 zZ, . - Z + 2z
“HK Yk VHRHak T3 ( TK BK) BK
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The computer program for calculating gravitational deposition automatically dis-
tributes ¢ K sources in the Kth layer with uniform vertical spacing. The height

HnK in the above equations is the height above the ground of each elementary source.

The angle between the axis of the ground-level deposition
pattern and the radial connecting source and receptor for settling velocity Vs is

defined by the expressions

©-
{

=16, -180+d -9 [ <g <
s , 1 s R (0 91 180) (3-49)

=6 + -
¢ l L 180+ 2 BRI (130 <6, < 36.0)
where
91 = mean wind direction at the reference height ZR
GR = angle between north and a line connecting source and receptor
-1 YnK
<I>S = tan <X )
nK
3.6.2 Gravitational Deposition Model for a Volume Source

in the K’Ch Layer

h
For a volume source at height H__, in the Kt layer, the

SK
ground-level deposition from gravitational settling is given by the expression

D _ ik {I\'ISK+NSI{} exp | - L (=K ’ (3-50)
Pk " %r o P17 2

o
¥SK ySK

where the subscript SK indicates that the parameters refer to a single souce in the
Kth layer. The subset of equations which define the SK subscripted parameters is
the same as the subset defining the terms in Equation (3-36), except the following

substitution is made for the term X appearing in Equation (3-37):
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where

zSK

ESK

O'ZO{SK}

i

= R cos ¢ +XZSK (3-51)

the vertical virtual distance for the volume source

( % {sk}
PESK )

mean standard deviation of the wind elevation angle

1/3K

in the layer between H

SK and the ground

vertical source dimension of the volume source

In using Equation (3-50), deposition patterns from all values of VSK representative

of the particle or droplet size distribution of the volume source are summed on a

reference coordinate system to obtain the total deposition pattern.
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SECTION 4

DESCRIPTION OF THE NASA/MSFC MULTILAYER
MODEL COMPUTER PROGRAMS

The NASA/MSFC computer programs described in this technical document
consist of a Preprocessor Program and the main NASA/MSFC Multilayer Diffusion
Models Program - Version 5. Both programs are written in FORTRAN IV and are
designed for execution on a UNIVAC 1108 computer. In addition, the automated
plotting routines in Version 5 of the program are designed to provide input to the
Stromberg-Carlson (SC 4020) machine at MSFC. This section briefly describes the

general characteristics of the two programs.

4.1 PREPROCESSOR PROGRAM

The Preprocessor Program is designed to automatically calculate source
and meteorological model inputs for use in Models 3 and 4 of the NASA/MSFC
Multilayer Diffusion Models Program - Version 5. Requisite inputs to the Prepro-
cessor Program include vertical profiles of meteorological data of the type available
from radiosonde soundings, surface turbulence data available at KSC from meteor-
ological towers, and logic information such as the type of launch and vehicle for
which the calculation is being performed. The program can currently perform

calculations for the following vehicles:

e Space Shuttle
® Titan III
e Delta-Thor

° Minuteman II

Calculations performed by the Preprocessor include:

e Time-height profileof the rise of hot exhaust products contained in the

ground cloud
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e Position in space of the stabilized ground-cloud
e Source dimensions of the stabilized ground-cloud
e Distribution of pollutant products within the stabilized ground-cloud

e Turbulence input parameters

The cloud-rise models and algorithms used in computing this information are described
in Section 2. The data decks produced on option by this program include a complete
card deck for each of the four pollutants HCl, CO, CO, and A1203 for use in Models

3 and 4 of the NASA/MSFC Multilayer Diffusion Models Program. The program also
provides the option to produce input data for normal and abnormal launches of all four
vehicles. A complete description of the program with user's instructions is presented

in Appendix A.

4.2 NASA/MSFC MULTILAYER DIFFUSION MODELS PROGRAM - VERSION V

The NASA/MSFC Multilayer Diffusion Models Program is designed to calcu-
late the following quantities downwind from normal and abnormal launches of rocket

vehicles:

e Concentration and dosage patterns

e Time - mean concentration patterns

e Average cloud concentration

e Time of cloud passage

e Ground-level deposition patterns due to gravitational settling or precip-

itation scavenging

Program options include the calculation of concentration, dosage and time~mean
concentration patterns with partial reflection of material at the surface, with time-
dependent exponential decay, and/or with depletion due to precipitation scavenging.
Also, the program is capable of calculating ground-level deposition due to gravitational
settling with partial reflection at the surface. Provision is also made (in Model 4)

to account for changes in meteorological structure along the cloud trajectory. A
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description of the mathematical specifications of the models included in the program

is given in Section 3 above.

The multilayer model program is capable of accepting input data from cards

from the Preprocessor Program or from input card data sets supplied by the user.

Program output options include:

o Printing of all data inputs

e Printing of the results of all model calculations

e Plotting of maximum centerline concentration, dosage, time-mean
concentration and deposition versus distance along the cloud trajectory

e Plotting of concentration, dosage, time~mean concentration and depo-~

sition isopleths

A simplified block diagram illustrating major features of the program is s
shown in Figure 4-1. A description of the NASA/MSFC Multilayer Diffusion Models

Program éomplete with user's instructions is contained in Appendix B.
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CARD SETS

PREPROCESSOR PROGRAM OUTPUT

USER CALCULATED DATA SET

|

PROGRAM

DEPTH OF LAYER

STRUCTURE

CONCENTRATION, DOSAGE, AND DEPOSITION MODELS

1. SOURCE EXTENDS VERTICALLY THROUGH ENTIRE DEPTH OF
LAYER AND TURBULENT MIXING IS OCCURRING

2. SOURCE EXTENDS VERTICALLY THROUGH ENTIRE DEPTH OF
LAYER AND TURBULENT MIXING IS NOT OCCURRING

3. SOURCE DOES NOT EXTEND VERTICALLY THROUGH ENTIRE

4. FULL TRANSITION MODEL FOR STEP-CHANGE IN LAYER

5. DEPOSITION DUE TO PRECIPITATION SCAVENGING
6. DEPOSITION DUE TO GRAVITATIONAL SETTLING

Y

GENERAL GRID PATTERN CALCULATIONS

y

4

y

MAXIMUM CENTERLINE
CALCULATIONS

ISOPLETH CALCULATIONS

y

' MAXIMUM CENTERLINE
PLOTS (SC4020)

A

9

ISOPLETH PLOTS
(SC4020)

OUTPUT LISTING

Figure 4-1 Simplified block diagram of the computer program for the NASA/
MSFC Multilayer Diffusion Models.
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- SECTION 5
EXAMPLE CALCULATIONS

Example calculations have been made for both normal and abnormal launches
of the Space Shuttle vehicle to illustrate the use of the Preprocessor Program in con-
junction with the NASA/MSFC Mulfiiayer Diffusion Models Program - Version 5. The
meteorological data used in the example calculations are described in Section 5. 1.
The results of the calculations for Model 3 are given in Section 5.2 while those for
Model 4 are given in Section 5.3. Computer printout of the example calculations is

presented in Appendix D.

5.1 METEOROLOGICAL INPUT DATA

Ground-level concentrations and time-mean concentrations of HCl, CO and
A1203 were calculated for normal and abnormal launches of the Space Shuttle using
meteorological measurements made at Kennedy Space Center on 21 October 1972,
Surface weather maps show that a cold front approached Florida on 19 October and
passed the Cape on the morning of 20 October. By 21 October, the cold front was
located just south of Florida. Meteorological data from a radiosonde released at
1115 Z on 21 October are given in Table 5-1. Tigure 5-1 shows temperature, wind-
speed and wind-direction profiles obtained from these data. The temperature profile
shows temperature decreasing with height to about 1600 meters above the surface
with the more rapid decrease occurring between 300 and 1400 meters. The wind
speed increases from 6 meters per second near the surface to 11 meters per
second at 750 meters, remains constant between 750 and 1432 meters, and then
decreases with height., As shown in Table 5-1, the relative humidity increases with
height to 1432 meters and then decreases. From this information, the depth of the
surface mixing layer Hm, which is a required input to the Preprocessor Program,

was set equal to 1432 meters. The surface density at the time of the radiosonde
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launch was 1197. 07 grams per cubic meter. Bi-directional vane measurements
from towers at KSC indicated that the reference standard deviation of the wind

azimuth angle o for a ten-minute period was approximately 9 degrees at a height

AR
of 18 meters. Other meteorological input parameters required by the Preprocessor

Program are supplied by the data given in Table 5-1.

5.2 RESULTS OF CALCULATIONS USING MODEL 3 OF THE NASA/MSFC
MULTILAY ER DIFFUSION MODELS PROGRAM

Table 5-2 contains the results of the Preprocessor Program calculations
of the Model 3 inputs using Space Shuttle source data and the meteorological inputs
for 21 October 1972 at KSC. The cloud stabilization height for a normal
launch was calculated using Equation (2-2) while Equation (2-8) was used for the
two abnormal launches. Effective heights of the stabilized cloud in the surface
mixing layer are based on the relationships given by Equation (2-13). The source
dimensions were calculated from Equations (2-11) and (2-12). Figure 5-2 shows
the configuration of the exhaust product cloud at the time of stabilization for the
normal launch. The stippled area in Figure 5-2 represents the dimensions of the
stabilized cloud in the surface mixing layer used in the Model 3 calculations., The
position of the stabilized cloud in relation to the launch pad and the time required
for cloud stabilization are also given in Table 5-2. The source strengths of the

three exhaust products HCl, CO and AIZO3 were calculated from Equation (2-32),

The results of the Model 3 calculations of the maximum centerline xc and
ten-minute average x {10 min} HCl concentrations at the surface for a normal launch,
single-engine burn and slow-burn on the pad are shown in Figures 5-3 through 5-5.
Figure 5-3 shows, for a normal launch, a calculated peak maximum centerline HCI
concentration of 0.8 parts per million (ppm) at a distance of about 12. 5 kilometers
downwind from the launch pad. The profile of centerline (y=0) ten-minute average
HCI concentration, which is obtained by calculating the mean concentration over the
ten-minute period of highest concentrations as the cloud passes a point in space,

shows a maximum of 0.21 ppm HCI at a distance of 12.5 kilometers from the
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TABLE 5-2

MODEL 3 INPUT PARAMETERS PRODUCED BY THE
PREPROCESSOR ,PROGRAM

Type of Launch

Model 3
Input Parameters Normal Single-Engine Burn Slow Burn
a) Cloud Height
Cloud Stabilization
Height, z__ (m) 1790 1910 1772
Effective Height, 1038 1194 1159
H (m)
b) Source Dimensions
Dimension (m)
o =0 533 444 412
X0 yo
c 183 111 127
ZO
c) Time of Rise
Time of Cloud
Stabilization t* 447 400 452
(sec)
d) Cloud Position from Pad at Stabiliation
Range, RK (m) 4103 3646 4218
235 230 235

Azimuth, AK (deg)

Exhaust Product
HCI (mg)

CO (mg)

e) Source Strength in the Surface Mixing Layer

8.092 x 109
1.425 x 1010
1.802 x 1010

8. 808 x 107
10

1.551 x 10

1.961 x 1010

2. 555 x 1010
4.499 x 1010
5,700 x 1010
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FIGURE 5-2. Configuration of the stabilized cloud of exhaust products used with
Model 3 in calculations for a simulated normal launch of a Space
Shuttie vehicle on 21 October 1972, Stippled area represents the
effective cloud dimensions in the surface mixing layer.
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Maximum centerline X and ten-minute average x. {10 min}
HCI concentrations at ground-level for the simulated normal
launch of the Space Shuttle on 21 October 1972 using Model 3.
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Maximum centerline y, and ten-minute average x{10 min} HCl
concentrations at ground-level for the simulated single-engine
burn of the Space Shuttle on 21 October 1992 using Model 3.
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Maximum centerline X, and ten-minute average y {10 min} HC]
concentrations at ground-level for the simulated slow-burn of
the Space Shuttle on 21 October 1972 using Model 3.
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launch pad. The corresponding peak maximum centerline HCI concentration for a
single-engine launch abort, as shown in Figure 5-4, is 0.84 ppm at a distance of
about 13.5 kilometers from the launch pad. The maximum ten-minute average
concentration of .21 ppm occurs at 15 kilometers from the pad. Comparison of the
Model 3 calculations for the slow-burn shown in Figure 5-5 with the corresponding
results for a normal launch and single-engine burn shows that ground-level concen-
trations are greater downwind from the launch pad following the slow-burn abort.
The maximum centerline HCl concentration for the slow-burn case is 2.7 ppm HCl
at 14 kilometers from the pad and the maximum ten-minute average concentration

is 0. 62 ppm HCI at 15 kilometers from the pad.

Concentration and dosage profiles and isopleths of concentration and dosage
for HCI calculated using Model 3 can be found in the computer listing of example

solutions in Appendix D, 2.

5.3 RESULTS OF CALCULATIONS USING MODEL 4 OF THE NASA/ MSFC
MULTILAYER DIFFUSION MODELS PROGRAM

Table 5-3 presents the results of the Preprocessor Program calculations
of inputs to Model 4 calculations of HCl, CO and A1203 concentrations downwind
from normal and abnormal simulated launches of the Space Shuttle vehicle.on 21
October 1972 at Kennedy Space Center. * The source strength distribution shown in
Table 5-3 was calculated following the precedures described in Section 2. 3.2
which utilizes Equations (2-27) through (2-34). Source dimensions for Model 4
were calculated using Equation (2-14) and the source positions at the time of cloud
stabilization were calculated from Equations (2-15) through (2-26). Figure 5-6
shows the configuration of the exhaust cloud at the time of stabilization for the
normal launch of the Space Shuttle used in the Model 4 calculations. The abscissa
of Figure 5-6 is the range from the launch pad without consideration of the offset due
to differences in the azimuth bearings from the launch pad. The calculated cloud
stabilization heights and stabilization times for Model 4 are identical to those shown

in Table 5-2 for Model 3 calculations.
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Theresults of the Model 4 calculations of the maximum centerline and
ten-minute average HCI concentrations at the surface downwind from a simulated
normal launch, single-engine burn and slow burn of the Space Shuttle vehicle are
respectively shown in Figures 5-7, 5-8 and 5-9. The Model 4 HC! peak centerline
concentrations xc are 0.6 ppm, .74 ppm and 2.25 ppm for'a normal launch, single-
engine burn and slow burn on the pad. All of these occur at a distance of approximately
12.5 kilometers downwind from the launch pad. Similarly, the maximum fen-minute.
average HCI concentrations are , 17 ppm, 0.18 and 0,53 ppm respectively for a
normal launch, single-engine burn and slow burn on the pad, All of these occur

at a distance of approximately 15 kilometers downwind from the launch pad.

Table 5-4 shows a comparison of the results of the Model 4 calculations
with those obtained from Model 3. The Model 3 maximum concentrations are 15
to 30 percent greater than the maximum concentrations calculated using Model 4,
On the other hand, Model 4 predicts higher concentrations than Model 3 at distances
close to the launch pad. These differences are a consequence of the two source
configurations as shown in Figure 5-2 (Model 3) and Figure 5-6 (Model 4)., Until
accurate measurements of the vertical distribution of exhaust products in the stabi-
lized cloud become available, model calculations of concentrations and dosages
close to the launch pad are subject to this type of uncertainty. At longer downwind
distances from the launch pad, as comparison of the Model 3 and Model 4 calculations
shows, there is close agreement in the predicted concentrations because the effects

of differing assumptions regarding the sour;e configuration are small, B

Calculated concentration and dosage profiles and isopleths of concentration
and dosage for HCI] obtained by using Model 4 are also presented in the computer

listing of example solutions in Appendix D. 2.
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concentrations at ground-level for the simulated normal launch
of the Space Shuttle on 21 October 1972 using Model 4.
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Maximum centerline x, and ten-minute average x{10 min} HCI
concentrations at ground-level for the simulated single-engine
burn of the Space Shuttle on 21 October 1972 using Model 4,
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FIGURE 5-9. Maximum centerline x, and ten-minute average x {10 min} HCI
concentrations at ground-level for the simulated slow~burn of
the Space Shuttle on 21 October 1972 using Model 4.
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TABLE 5-4

COMPARISON OF PEAK MAXIMUM CENTERLINE Xs AND
TEN-MINUTE AVERAGE HCl CONCENTRATIONS (ppm) FROM
MODEL 3 AND MODEL 4 CALCULATIONS

Type of Launch
Model Normal Single-Engine Burn Slow Burn
Number Xe X {10 min} Xe X {10 min} Xe X {10 min}
3 0.80 0.21 0.84 0.21 2.7 0.62
4 0. 60 0.17 0.74 0.18 2.3 0.53
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APPENDIX A

USER INSTRUCTIONS FOR THE PREPROCESSOR PROGRAM
FOR USE WITH THE NASA/MSFC MULTILAYER DIFFUSION MODELS
COMPUTER PROGRAM -VERSION 5

The Preprocessor Program produces a complete set of data decks for
input to the NASA/MSFC Multilayer Diffusion Models Computer Program - Version
5. The Program is specifically designed for use with launches of Space Shuttle,
Titan III C, Delta-Thor, and Minuteman II vehicles. The data decks produced on
option by this Program include a complete card deck for each of the four pollutants
HCl, CO, COg and A1203 for Models 3 and/or 4 in the NASA/MSFC Multilayer

Diffusion Models Computer Program - Version 5.

The Preprocessor Program is written in FORTRAN IV and uses approxi-

mately 9700 0 locations of computer core storage. The Program requires card

1
input, print and punch output and executes in less than 2 seconds on a UNIVAC 1108

computer. A complete computer listing is given in Appendix C.1 below.

A.l PROGRAM INPUT PARAMETERS

The Preprocessor Program requires the input of the following meteorological

parameters:

g AR - Standard deviation of the wind azimuth angle in degrees
measured at the first reference height z1 over a 10 minute
time period.

p - Ambient air density in grams per cubic meter measured
at zl.

z - Height in feet or meters at which the meteorological

measurements are taken.




0 - Wind direction in degrees at z.

u - Wind speed in knots or meters per second at z.
T - Ambient air temperature in degrees Celsius at z.
P - Ambient air pressure in millibars at z.

RH - Relative humidity in percent at z.

The Preprocessor Program also requires control information indicating:
(1) vehicle type, (2) whether the computer run is for a normal or abnormal launch,
(3) whether z is in feet or meters, (4) whether u is in knots or meters per second,
(5) height of the surface mixing layer which must coincide with one of the z inputs
above, and (6) the model being used and the pollutants for which data decks will be

produced.

A.2 PROGRAM INPUT DATA CARD SEQUENCE

The first card in the input data deck contains general case titling information
and is used for a page heading in the Preprocessor print output and is also punchea
inlthe output data deck for input to the Multilayer Models Program. The second input
card contains control information and o AR and p at the surface. An example set of
data input cards is shown in Figure A-1. The example problem is described in Sec-

tion 5 in the main body of this report.

Data Card 1:
Columns 1 - 72 -  General data set titling information. If input as
blanks the program will use the last information
input




Data Card 2:

Columns 2-4

Columns 5-7

Column 8

Column 9

Columns 1045

Columns 46-55

Columns 56-65

Column 67

Column 68

Punch these characters indicating the vehicle type.
If left blank Titan III C is assumed.

TTN is the Titan III C vehicle;

STL is the Space.Shuttle vehicle;

DTH is the Delta-Thor vehicle;

MIN is the Minuteman II vehicle.

Punch YES or leave blank if the run is for a normal
launch.

Punch N@1 if the run is for an abnormal launch where
a single engine burns on the launch pad. Not produced
for the Delta-Thor and Minuteman II vehicles.

Punch N@2 if the run is for an abnormal launch where
a slow burn on the pad occurs.

(@ is alphabetic)

Punch M or leave blank if the heights z are in meters.
Punch F if the heights are in feet.

Punch M or leave blank if the wind speed u is in
meters per second.

Punch K if the wind speed is in knots.

Punch the date of the meteorological case or any case
identification information (optional).

Punch O‘AR (see Figure A-1),
Punch p (see Figure A-1),

Punch a 1 if output for Model 4 is desired; leave
blank if not.

Punch a 1 output for Model 3 is desired; leave blank
if not.




Data Card 2 (Continued):

Column 69

Column 70

Column 71

Column 72

Column 73

Data Cards 3 to N-1:

Columns 1-10

Columns 11-20

Columns 21-30

Columns 3140

Columns 41-50

Columns 51-60

Column 80

Punch a 1 if output for HCI is desired; leave blank
if not.

Punch a 1 if oufput for CO is desired; leave blank if
not.

Punch a 1 if output for 'A1203 is desired; leave blank
if not.

Punch a 1 if output for CO, is desired; leave blank if
not. Produced only for the Titan III C vehicle,

Punch a 1 if cloud the trajectory range and azimuth
bearing are to be calculated; leave blank if not,

Punch z (see Figure A-1).
Punch @ (see Figure A-1).
Punch u (see Figure A-1).
Punch T (see Figure A-1).
Punch P (see Figure A-1).
Punch RH (see Figure A-1).

Punch and asterisk (*) if this height z coincides
with the surface mixing layer height; otherwise,
leave blank. If not punched on any card, the
program assumes the last z input to be the mixing
layer height (See Figure A-1).




Data Card N:

The last card in the input data deck must be a blank card. Multiple case
capability is provided by punching a non-blank character in column 80 of this card.
If column 80 is non-blank the Program expects another complete case, otherwise the

program stops.

The Preprocessor Program assumes the decimal point in all of the above
meteorological parameters to be between the sixth and seventh columns of the 10-

column field if it is not punched. For example, if the 10-column field 41 to 50

contained the number AN21033AA (Ais a blank), the program would interpret it

as 1210, 32. To avoid improper alignment of a data value, the decimal should be
punched. Also, unless it is certain that the cloud rise height will not exceed the
mixing layer height, it is recommended that at least three heights z be input above
the height coinciding with the mixing layer height, If the cloud rise height exceeds
the last height input, the program will stop and ask for data at greater heights.

A.3 COMPUTER PROGRAM PUNCH OUTPUT

The Preprocessor Program will punch a complete card deck for direct input to
the NASA/MSFC Multilayer Models - Version 5. The first card of each of the ouput
data decks contains $NAM2 and the last card contains $END. The possible data

decks punched are:

Inputs for: (1) HCl - Model 4
(2) CO - Model 4
(3 co, - Model 4
4 ALO, - Model 4
(5) HCIL - Model 3
(6) CO - Model 3
(N CO, - Model 3
(8) A1203 - Model 3
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A.4 COMPUTER OUTPUT FOR THE EXAMPLE DATA

The Preprocessor Program first prints constant model parameters for the
vehicle and prints the input data deck for verification. A complete deck for each
selected pollutant HCI, CO, CO2 and A1203 is printed and punched for Models 3
and/or 4 of the Multilayer Model. Also, the program lists all calculated parameters
for Models 3 and/or 4 in a tabularized form for verification of Program calculations.
A complete oufput listing for the example case shown in Figure A-1 is given in

Appendix D.1.

A.5 LINKAGE DIAGRAM OF THE PREPROCESSOR PROGRAM

Figure A-2 shows the subroutine linkage diagram for the Preprocessor
Program. Each line terminating at a subroutine name represents a subroutine call,
The Program also references the FORTRAN library functions AC@S, C@s, SIN,
ATAN2, EXP not shown in Figure A-2. A description of the subroutines shown in
Figure A-2 is given in Section A, 6.

A.6 DESCRIPTION OF PROGRAM SUBROUTINES

Subroutine VHICLE is the main controlling program in the Preprocessor.
This routine sets the constants for the particular vehicle desired, inputs all data,

converts inputs into proper units and controls all calculations and output.

Subroutine DIM34 calculates the source dimensions for Models 3 and/or 4

and calculates the effective cloud height (see Section 2, Equations (2-11) through
(2-14)).

Subroutine PLUMEL1 calculates the plume rise for instantaneous sources

(see Section 2.2. 1),

Subroutine PLUME2 calculates the plume rise for continuous sources

(see Section 2.2, 2).
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Subroutine DELTXY calculates the cloud trajectory (see Section 2, Equations
(2-15) through (2-26)).

Subroutine LEAST calculates the lapse rate of virtual potential temperature

using a least-squares fit (Equation (2-7)).

Subroutine CONV converts the output source strength into a form suitable

for punching variable real numbers in a fixed format.

Subroutine TURB inserts the turbulence parameters o A and UE in the out-

*
put data and calculates tK =t (Equation (2-4)).
Subroutine TPZ is a linear interpolation function,

Subroutine CPHI is used in calculating the virtual potential temperature

(Equation (2-7)).

Subroutine DIST4 calculates the source distribution for Model 4 (see Section

2. 3.2).

Subroutine DIST3 calculates the source distribution for Model 3 (see Section

2.3.2).

Subroutine OUTPT prints and punches the output data in a namelist format

suitable for input to the NASA/MSFC Multilayer Diffusion Models - Version 5.

Subroutine CONST prints the input parameters and resultant calculations

in a format suitable for error check and calculation review.

Subroutine ARCOS is a function reference to ACOS, the UNIVAC 1108 arc-
cosine function. It is referenced in this way because the IBM 7044 at MSFC uses
ARCOS for the arc-cosine function and program conversion from the UNIVAC 1108

to the IBM 7044 is easily completed by removal of this entire subroutine.




APPENDIX B

USER INSTRUCTIONS FOR THE NASA/MSFC MULTILAYER
DIFFUSION MODELS COMPUTER PROGRAM - VERSION 5

B.1 PROGRAM DESCRIPTION

The NASA/MSFC Multilayer Diffusion Models Program - Version 5 is

designed to calculate patterns of:

. Concentration

° Dosage

° Time-mean concentration

] Average cloud concentration

° Time of cloud passage

o Ground-level deposition due to precipitation scavenging
. Ground-level deposition due to gravitational settling

Program options include the calculation of concentration, dosage and time-
mean concentration with partial reflection, with time dependent decay, and/or with
depletion due to precipitation scavenging. Also, the Program is capable of calcu-
lating ground-level gravitational deposition with partial reflection of material at
the surface. Other Program options include the printing of all data inputs, the
printing of all model calculations, the plotting of concentration, dosage and/or time-
mean concentration on the printer page, and the plotting of concentration, dosage and/

or time-mean concentration on the SC4020 plotter at Marshall Space Flight Center.




The NASA/MSFC Multilayer Diffusion Models Program - Version 5 is
written in FORTRAN IV and is designed for use on the UNIVAC 1108 computer at
Marshall Space Flight Cenfer, Huntsville, Algbama. The Program requires 33000 10
locations of core storage on the UNIVAC 1108 computer. The FORTRAN source
listing is shown in Appendix C.2 and a complete list of Prégram input parameters
and Program options is given in Section B.2 and B. 3 below. Also, a linkage diagram
of the Program subroutines is shown in Section B. 6 and a description of the Program

subroutines is given in Section B. 7.

B.2 PROGRAM INPUT PARAMETERS

" This section gives a complete description of all Program input parameters.
A condensed table of the input parameters is given in Section B. 3. The data input’
format is given in Section B. 4 and an example input coding sheet is given in Section

B. 5.

NAMCAS - 72 Hollerith characters of general case identification information.
This information is printed in addition to the adjusted cloud stabil-
ization height, range and azimuth bearing and the date and time

of the run as a title page to the output listing.

TESTNO -  The first 36 Hollerith characters (TESTNO (1) - TESTNO (6))
contain the meteorological case information, This information
is printed in the page heading and plot titles following the words
"THE METEOROLOGICAL CASE IS",

Characters 37 through 60 (TESTNO (7) - TESTNO (10)) contain
the name of the rocket vehicle for use in the page heading. (e.g.

TITAN IIIC)

Characters 61 through 72 (TESTNO (11) - TESTNO (12)) contain
the name of the pollutant only if it is not HCl, CO, COg, or A1203.

(e.g NO))




NPS

ISKIP

ISKIP (1)

ISKIP (2)

This pé.rameter is used fo indicate multiple cases.

If NPS is set to 0, the Program assumes there is another case

to follow.

If NPS is set to 1, the Program assumes this is the last case to

process.
Program control option array.

This option, if set non-zero, indicates patterns of concentration,
dosage, time-mean concentration, deposition, etc. are to be
calculated and printed on the polar reference grid system defined
by XX and YY below. The grid system origin is the vehicle

launch site and all calculation distances are relative to the origin.

This option, if set non-zero, is used to calculate maximum center-
line values of concentration, dosage, time-mean concentration,
and/or deposition along the cloud trajectory relative to the launch

site.
If ISKIP (2) is set equal to 1, the model calculations are printed.
If ISKIP (2) is set equal to 2, the model calculations are plotted.

If ISKIP (2) is set equal to 3, the model calculations are both
printed and plotted.

The maximum centerline concentration, dosage, time-mean
concentration and deposition are determined by the use of a spline
function. At each radial distance (XX) from the origin, the Pro-
gram determines a curve via the cubic spline that passes through

each angular (azimuth bearing YY) grid coordinate with the




calculated maximum roughly in the midpoint of the curve. The.
Program will then determine the maximum value and output, the
range and azimuth bearing to that maximum (see Section B. 7,

Subroutine Spline).

ISKIP (3) -~  This option, if sef non-zero, is used to calculate isopleths of

concentration, dosage, time-mean concentration and/or deposition.
If ISKIP (3) is set equal to 1, the isopleths are printed.
If ISKIP (3) is set equal to 2, the isopleths are plotted.

If ISKIP (3) is set equal to 3, the isopleths are both printed and
plotted.

ISKIP (4) -  This option is used only with the calculation of ground-level pre-
cipitation deposition (Model 5).

If ISKIP (4) is set non-zero, the maximum possible ground-level
precipitation deposition is calculated at points downwind from the
cloud position at the time of the start of precipitation (TIM1).
These calculations are independent of the elapsed time from

TIM1 to the calculation point.,

If ISKIP (4) is set equal to zero, the calculated precipitation
deposition at points downwind from the cloud position at time

TIM1 is dependent upon the elapsed time from TIM1 to the points.

ISKIP (5) - This option controls the pollutant name and units printed in the
page heading and plot legend:

If ISKIP (5) is set equal to 1, the units of calculated HCl concen~-
tration are in parts per million (ppm) and dosage units are in

parts per million seconds,



ISKIP (6)

ISKIP (7)

If ISKIP (5) is set equal to 2, the units of calculated CO concen-
trations are in parts per million (ppm) and dosage units are in

parts per million seconds.

If ISKIP (5) is set equal to 3, the units of calculated CO, concen-
tration are in parts per million (ppm) and dosage units are in

parts per million seconds.

If ISKIP (5) is set equal to 4, the units of calculated A1203 concen-
tration are in milligrams per cubic meter (mg/m3) and dosage

units are in milligram seconds per cubic meter.

If TESTNO (11) above is non-blank, then ISKIP (5) is used only for
units selection and the pollutant name is taken from TESTNO (11),
Also, calculated precipitation deposition (Model 5) and gravitational

deposition (Model 6) are in units of milligrams per square meter,

This option is used for printing purposes only and gives the type
of vehicle launch for which calculations are being made and inserts

the following in the page heading and plot legend.
If ISKIP (6) is set equal to 1, a "STATIC FIRE" is assumed,

If ISKIP (6) is set equal to 0 or 2, a ""NORMAL LAUNCH" is

assumed.
If ISKIP (6) is set equal to 4, a "SLOW BURN'" is assumed.

If ISKIP (6) is set equal to 5, the program omits this option from
the page heading and plot legend.

This option controls the meteorological data used with Model 4.




ISKIP (8)

NSX

NYS

If ISKIP (7) is set equal to zero, the Program assumes Model 4

is being used to determine concentration, dosage, etc., in a layer
where the pollutant distribution at cloud stabilizatiop varies sub-
stantially with height. The meteorological dgta used in Model 4

is automatically determined from the meteorological inputs

assigned to the initial layers or sublayers.

If ISKIP (7) is set equal to 1, the Program assumes Model 4 is
being used to determine concentration, dosaée, ete., resulting
from changes in the meteorological layer strupture. The meteor-
ological data used in Model 4 after time TAST (time of layer
structure change measured from time of cloud stabilization) is
taken from the input parameters ALPHL through TEMPL (see
page B-22 below).

This option, if set non-zero, prints a detailed listing of all

Program inputs.

Number of radial distances (range) XX in the polar reference
grid system, If NXS is set < 0, the default value of 41 is used
for NXS and the array XX is automatically filled from values

shown in Table B-3.

Number of azimuth bearings in the polar reference grid system.

If NYS is set < 0, this parameter is automatically calculated

and the array of azimuth bearing coordinates (YY) is automatically
filled. The value of NYS includes sufﬁcient'points in YY to
provide a calculation pattern spanning 100 degrees (see Table

B-3, note 9).



NZS -

NCI, NDI, NTI -

NPTS -

NVS -

Total number of initial layer boundaries including the ground

surface boundary.

These parameters each contain two values used in the maximum
centerline calculations under ISKIP (2) and in the calculation of

isopleths under ISKIP ' 3).

The total number of isopleth values is given in the hundreds and
tens positions of NCI, NDI and/or NTI. If these positions are
zero, isopleths for the respective quantity (concentration, dosage,
time-mean concentration and/or deposition) is not calculated.

The number of critical pollutant levels (air quality standards) to
be identified in the plots for maximum centerline calculations is
given in the units position of NCI, NDI and/or NTI. If this
position is zero, no plot is generated. If set to 9, a plot is
generated without indicators for critical pollutant levels (air

quality standards).

If the units position of NCI, NDI and/or NTI is greater than zero
and not equal to 9, the critical pollutant levels (standards) must
be punched as the first values in the arrays CI, DI and/or TI

below.

Number of heights at which calculations are to be made. If NPTS
is set equal to zero or omitted, NPTS is defaulted to 1 and ZZL (1)

below is set equal to zero.

Number of droplet or particle terminal fall velocities used to
calculate ground-level gravitational deposition from all layers

except the layer in which a destruct occurs (Model 6 only).




NVB

YY

DELX

DELY

s =R = - et e Veaa -a

Number of droplet or particle terminal fall velocities used to
calculate ground-level gravitational deposition from the layer in

which a vehicle destruct occurs (Model 6 only).

Array of radial distances (range) for the coordinates used in
calculations on the reference grid system. This array is auto-
matically filled if NXS = 0, (see NXS above). The last 2 points
in XX are used only for calculating isopleths; the second to last
point should equal 1.2 times the third to the last point and the
last point should equal 1.5 times the third to the last point.

Space the XX values uniformly and use as many as the program
will allow. The user is cautioned to use the default values unless

another grid is required.

Array of azimuth bearings for the coordinates used in calculations

on the reference grid system measured clockwise from zero degrees
north, This array is automatically filled if NYS = 0 (see NYS above).
Space the YY values densely toward the center of the calculation sec-
tor and use as many as the program will allow, The user is cautioned

to use the default values unless another grid is required.

Array of layer boundary heights in ascending order beginning
with the surface boundary height (the first layer is always the

surface layer).

Array of the radial distances (range) from the source location
(point of cloud stabilization) in each layer to the center of the

reference grid system (launch site).

Array of azimuth bearings to the source location (point of cloud
stabilization) in each layer, measured clockwise from zero

degrees north.



TABLE B-1
SOURCE STRENGTH INPUT UNITS

Pollutant
Model
HCL, CO, 002 AL203
1 1 2
2 1 2
3 1 2
4 1 2
5 2 2
6 2 2
Code definition for Table B-1:
22.4 T 1013.2

e ® Q=9 T 3Te P

(Concentration output units are parts per million (PPM))

e @ Q=Q

where

Q = Source strength in each initial layer

Q' Total weight of the material in the layer in milligrams
T = Surface temperature in degrees Kelvin

P = Surface pressure in millibars

M

Molecular weight of the material




TABLE B-1 (Continued)
{Deposition output units for Models 5 and 6 are milligrams per

square meter (mg/mz) and concentration output units for Models

1 through 4 are milligrams per cubic meter (mg/m3))
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UBARK

SIGAK

SIGEK

SIGXO

SIGYO

SIGZO

ALPHA

BETA

ZRK

Source strength within each initial layer. The source strength
input units depend upon the model used and the pollutant for which
calculations are being made. Table B-1 gives the appropriate

input units for each model and pollutant combination.

Mean wind speed at ZRK followed by the mean wind speed at the

top of each layer.

Standard deviation of the wind azimuth angle for reference time
TK at ZRK followed by the standard deviation of the wind azimuth
angie at the top of each layer.

Standard deviation of the wind elevation angle at ZRK followed by
the standard deviation of the wind elevation angle at the top of

each layer.

Standard deviation of the alongwind concentration distribution of the

source in the layer (alongwind source dimension),

Standard deviation of the crosswind concentration distribution of
the source in the layer at a downwind distance XLRY from the
true source (crosswind source dimension). The default value is

SIGXO.

Standard deviation of the vertical concentration distribution of
the source in the layer at a downwind distance XLRZ from the

true source (vertical source dimension).
Lateral diffusion coefficient in the layer (default value is 1).
Vertical diffusion coefficient in the layer (default value is 1).

Reference height in the surface layer for meteorological measure-

ments (default value is 2 meters).
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TEMPK -  Virtual potential temperature at each layer boundary z.
This parameter is used only in the calculation of the wind speed
shear in the layer, If the wind speed shear is negative and the
difference between the virtual potential temperature at the top and
bottom of the layer is also negative, the Program will use the
absolute value of the speed shear. ' If the temperature difference
is positive or zero, the program will use a wind speed shear of
zero. If the layer wind speed shear is positive or zero, the

-virtual potential temperature difference is not used.

TIMAV - Time over which time-mean concentration and average cloud
concentration are calculated {(default value is G600 seconds except

for CO, where it is 300 seconds).

THETAK -  Mean wind direction at ZRK followed by the mean wind direction
at the top of each layer.

TAUK - Time required for cloud stabilization.

'TAUOK -  Reference time for the standard devi'ations of the wind azimuth
angle SIGAK (default value is 600 seconds).

H -~  Adjusted cloud stabilization height.

XRY -  Distance downwind from a virtual point source over which recti-
linear expansion in the lateral occurs (default value is 100

meters).

XR7Z -~ Distance downwind from a virtual point source over which recti-

linear expansion in the vertical occurs (default value is 100 meters),

XLRY -  Reference distance from the true source at which SIGYO is

measured (default value is zero).
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XLRZ

ZZL

1ZMOD

Reference distance from the true source at which SIGZO is

~ measured (default value is zero).

Vertical calculatiod"heights. This parameter can include any

heights within the initial layer structure (default value is zero).

This parameter designates the model number or numbers for:

use in each input layer. A brief description of the six Program
models is given below and a complete mathematical description of
each model is given in Section 3 of the main body of this report.
The possible model number combinations input into IZMOD are

given in Table B-2.

1 - Model 1, the source extends vertically through the entire
initial layer and turbulent mixing is occurring. If is
assumed that the vertical distribution of material is uniform
with height and the distributions of material along the along~
wind and crosswind cloud axes are Gaussian, The digit 1
is included in the array 1ZMOD for each layer in which '
Model 1 is to be used. Also, if any digit of IZMOD is 0,

the Program assumes Model 1 has been designated.

2 - Model 2 refers to the same source configuration as Model 1
in that the source extends vertically through the entire
depth of the layer and the distribution of material is uniform
with height. In Model 2, however, it is assumed that no
turbulent mixing is occurring. The digit 2 is included in the
array IZMOD for each layer in which Model 2 is to be used
in the calculations (IZMOD = 2, 2, 2, etc.).

3 - Model 3 differs from Models 1 and 2 in that the vertical
extent of the source is less than the depth of the layer. The
model equation thus contains vertical expansion terms. The

digit 3 is input to IZMOD for Model 3 (IZMOD = 3).
— B-13




TABLE B-2

POSSIBLE INPUT MODEL NUMBER COMBINATIONS

)

‘] 1ZMOD! | PROGRAM ASSUMES CALCULATIONS ARE MADE USING:

0 Model i

1 Model 1

2 Model 2

3 Model 3

14 Model 1 is used prior to layer transition and Model 4 is
used after layer transition occurs at time TAST

24 Model 2 is used prior to layer transition and Model 4 is
used after layer transition occurs at time TAST

34 Model 3 is used prior to layer transition and Model 4 is
used after layer transition occurs at time TAST

4 Model 4 is used to accomodate to a variation of source
strength in the layer and layer transition is immediate
(TAST=0)

5 Model 5 is used and the layer structure and source dis-
tribution is assumed to be that of Model 1 when only the
digit 5 is given in IZMOD. The digit 56 can be com-
bined with any of the above digit combinations (145, 45,
35, etc.). When a 5 is combined with any of the above
digit combinations the Program assumes the layer struc-
ture and source distribution of that combination are used
with Model 5.

6 Model 6

The digits under IZMOD can appear in any order. For example,

14 is the same as 41 and 154 is the same as 415,




4 - Model 4, the layer-transition model, may be used to calculate
concentration and dosage resulting from changes in the
meteorological layer structure. 'Model 4 may also be used
to calculate concentration and dosage in a layer where the
pollutant distribution at cloud stabilization varies substan-

tially with height.

The application of Model 4 requires the following assumptions:

) The boundaries between adjacent initial layers or sublayers is

eliminated (at time TAST) and the layers are replaced by a single

layer
) Turbulent mixing is occurring in the resultant single layer
e The material in each of the initial layers or sublayers is (before

time TAST) uniformly distributed in the vertical

° Reflection occurs at the upper and lower boundaries of the resultant

single layer

If the parameters TAST and ISKIP (7) are both set to zero (or omitted from
the inputs) and Model 4 is specified for use, the program assumes the function of the
model is to accommodate variations in the pollutant distribution with height in the
layer at cloud stabilization, For example, the surface mixing layer can be initially
divided into several sublayers where the source strength, although assumed to be
vertically uniform in each sublayer, varies from layer to layer. In this case the
initial layers are immediately reduced to a single layer and Model 4 calculates the
contribution from each of the initial sublayers to the composite concentration and
dosage field by permitting turbulent mixing across the initial layer boundaries.
1ZMOD would contain the digit 4 for each of the respective initial sublayers that

comprise the resultant single layer.
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If Model 4 is to be used to predict the concentration and dosage fields
downwind from a change in meteorological structure, the meteorological parameters
of the new resultant layer or layers must be specified. Also, the parameter
ISKIP (7) must be set equal to 1 and the parameter TAST set equal to the time (after
cloud stabilization) at which the layer transition (meteorological structure change)
occurs. Each of the initial sublayers that are to be included in a single layer after
layer transition are specified by including the digit 4 in the array 1ZMOD. For
example, assume layers 1 through 4 are to be reduced to a single layer after layer
transition and layers 5 and 6 are also reduced to a single layer. The first four
values of 1ZMOD would include a 4, but they would also include the number of the
model to be used prior to layer transition (14, 24 or 34). The values of IZMOD (5)
and (6) for layers 5 and 6 would include a 9 and 4, respectively. The 9 is a special
flag to separate the resultant 2 layers after layer transition. Also, these last two
values would include the model number to be used prior to layer transition (14,

24 or 34). I Model 1 was to be used with 4 in the above example the IZMOD inputs
would be coded as IZMOD =4, 4, 4, 4, 9, 4 (or IZMOD = 4%4, 9, 4, or IZMOD =
4*14, 19, 14, etc.).

5 -~ Model 5 is used to calculate the amount of material on
the surface by precipitation scavenging. The digit 5 must
be included in the array IZMOD for each initial sublayer
through which precipitation is occurring, Model 5 uses the
layer structure and source distribution defined by any one
of Models 1 through 4. Thus, the array IZMOD must
include the appropriate model number for each layer that
describes the layer structure and source distribution. For
example, assume that Model 4 is being used to accommodate
to variations in the pollutant distribution with height in the
surface mixing layer at cloud stabilization and that the
surface mixing layer has been divided into 6 initial sub-

layers in which the distribution of material can be
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considered uniform. Also, assume that precipitation is
occurring through all 6 layers. The array 1ZMOD would

then contain six values equal to 45 for each layer 1 through
6 (IZMOD = 6%45),

Model 6 is used to calculate the surface deposition due to
gravitational settling. The basic source configuration is

a volume source of finite lateral extent and unit vertical
extent. Other source configurations are treated by summing
the deposition at the ground resulting from a number of

basic sources arranged to simulate the desired configuration.
The model is essentially a tilted plume model in which the
effects of wind shear are taken into account. The axis of a
particle or droplet cloud of a given settling veloeity inter-
sects the ground plane at a distance from the source and at
an angle from the mean surface wind direction that are
proportional to the total angular wind shear and the residence
time of the settling material in the layers between the source
and the ground surface. In any layer, the inclination of the
cloud axis from the horizontal is given by tan -1 A / q,
where VS is the particle or droplet settling velocity and @

is the mean transport wind speed in the layer. In all cases,
material released in the Kth layer and dispersed upwards by
turbulence is assumed to be reflected downward at the inter-
face of the Kth and (K + 1)th layers. The basic model is used
to calculate the ground-level deposition pattern for a single
value of the settling velocity. The total deposition pattern

is obtained by summing the results for all settling velocities
representative of the particle or droplet-size distribution of

the released material on a reference coordinate grid system.
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DECAY -

ZLIM -

BLAMDA -

TIM1 -

CI, Diand TI -

Only IZMOD (1) need be set equal to 6 as no other model

can be executed in the same case.

Coefficient of time-dependent decay. If DECAY is set >0, then
concentration, dosage, time-mean concentration, etc., are

calculated with decay (Does not effect Model 5 or Model 6).

This parameter is the maximum height through which precipitation
can occur, If Model 5 is selected, ZLIM is automatically deter-
mined from IZMOD. If concentration, dosage, ete., are being
calculated with precipitation occurring (BLAMDA > 0. 0),

ZLIM is equal to the upper boundary of the uppermost layer in
which precipitation occurs (ZLIM is defaulted to Z(NZS)).

Precipitation scavenging (washout) coefficient. If Model 5 is
selected, this parameter must be greater than 0. Also, if Model
1, 2, 8 or 4 is selected with BLAMDA > 0 and without Model 5,
the Program assumes concentration, dosage, etc., are to be

calculated with precipitation occurring.

Time of start of precipitation measured from the time of cloud

stabilization.

Arrays of concentration, dosage and time-mean concentration
values respectively for which isopleths are calculated. There
can be two groups of data in each of these arrays, where both

of the groups are arranged in descending orcier. The values in
the first group are critical pollutant levels (air quality standards).
The number of values in this group is given in the units position
of the parameters NCI, NDI and NTI respectively. The second
group of values includes all other isopleth levels desired. The

total number of values in CI, DI and TI is given in the hundreds
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TAST

GAMMAP

VS

PERC

ACCUR

and tens positions of NCI, NDI and NTI respectively. If pre-
cipitation, deposition or gravitational deposition is being calculated,

the array DI is used for these quantities.

Time of layer structure change (Model 4) measured from the time

of ¢loud stabilization.

This parameter is 1 minus the fraction of material reflected at

the surface (partial reflection). If this parameter is set fo 0, the
Program assumes complete reflection; if set equal to .4, 60 per-
cent (. 6) reflection is assumed; and, if set equal to 1, no reflection
is assumed. If Model 6 is selected and partial reflection is
desired, the array GAMMAP must have a value for each particle
settling velocity category. For all other models, only GAMMAP (1)

need be set.

Droplet or particle terminal fall velocity distribution used in all
layers except a layer in which a vehicle destruct occurs (Model 6

only).

Frequency of occurrence of each velocity category VS (Model 6

only).

Accuracy constant for the line source simulation used in Model 6.
A value of 0.45 ensures that the calculated ground deposition is
within 10 percent of the deposition expected from a vertical line
source. If ACCUR is set to 0.32, the calculated deposition is

within 5 percent of that expected from a vertical line source.
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PERCB

SCL

XMAXIN

YMAXIN

XSIZE

YSIZE

RASTIN

Droplet or particle terminal fall velocity distribution used in the
layer in which a vehicle destruct occurs. The layer must be the

top layer (Model 6 only).

Frequency of occurrence of each velocity category VB (Model 6

only).

Map scale factor in inches for isopleth plots. If the map scale
factor is 1 inch = 24000.inches, SCL would be input as 24000.
If set to zero, the Program will scale the isopleths within the

boundaries defined by XSIZE and YSIZE below.

Maximum alongwind distance from the launch site in meters for
isopleth plots. If set to zero, the Program will use XX(NXS-2)

as the maximum distance.

Maximum crosswind distance for isopleth plots in meters. If

set to zero, the Program will calculate YMAXIN.

The number of raster counts on the SC4020 in the X or east-west
horizontal plot axis for isopleths. If set to zero, the Program

will use 937.

The number of raster counts on the SC4020 in the Y or north-
south vertical plot axis for isopleths. If set to zero, the Program

will use 899.

The number of raster counts per inch on the SC4020 for isopleth

plots. If input as zero, the Program uses 163, 2.
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XCIZE

YCIZE

XMAXIN

YMAXJIN

Isw

JSW

The number of raster counts on the SC4020 on the X or alongwind
horizontal axis for maximum centerline plots. If set to zero, the

Program uses 937.

The number.of raster counts on the SC4020 on the vertical axis
for maximum centerline plots, If set to zero, the Program uses

899,

Maximum alongwind distance in meters from the launch site for
maximum centerline plots. If set to zero, the Program uses

XX(NXS-2).

Maximum number of log cycles for the vertical axis of the
maximum centerline plots if ISW below équals 0 or 2, Maximum
value of the vertical axis if ISW below equals 1. If set to zero,
the Program determines YMAZXJN.,

Maximum centerline plotting flag. If ISW is set to 0 or 2, the
Program plots maximum centerline versus distance on a log-log

plot. If set to 1, the plot is linear on both axes.

Isopleth plot switch., If JSW is set equal to 0, the Program will
fit a cubic spline function to the discrete isopleth points and plot
a smooth curve through the points. If JSW is set equal to 1, the
Program will not use the spline function but will plot straight
lines between adjacent calculated isopleth points. This option
has been included because the spline function sometimes fails to
fit the data points when the isopleths are sharply curved. These
cases are recognized by a high frequency oscillation along the
plotted curve and can be corrected by smoothing the curve by

hand or replotting with JSW set equal to 1,
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The layer step change (transition) parameters below are used only if ISKIP (7)
.equals 1 and Model 4 has been selected. These parameteré are used only when Model
4 is being used to predict the concentration and dosage downwind from a change in

meteorological structure (see IZMOD, Model 4 above).

ALPHL -  Lateral diffusion coefficient in each new layer (Default value is 1).
BETL -  Vertical diffusion coefficient in each new layer (Default value is 1),
TAUL - Time required for cloud stabilization in the new layers.

TAUOL -  Reference time for the standard deviation of the wind azimuth

angle SIGAL in the new layers (Default value is 600).

ZRL ~ Reference height in the surface layer for meteorological measure~
ments. This must be set only if the new bottom layer includes the

initial surface layer (Default value is 2),

UBARL -  Mean wind speed at the bottom and top boundaries of each new
layer. These values are input in ascendiﬁg order of new layers
with the value at the top boundary preceded by the bottom. If the
new bottom layer contains the initial surface layer, UBARL at ZRL

should be input as the bottom value of this layer.

SIGAL - Standard deviation of the wind azimuth angle for reference time
ToL at the bottom and top boundaries of each new layer. If the
new bottom layer contains the initial surface layer, SIGAL at

ZRL should be input as the bottom value of this layer.

THETAL ~  Mean wind direction at the bottom and top boundaries of each new

' layer. If the new bottom layer contains the initial surface layer,
THETAL at ZRL should be input as the bottom value of this layer.

TEMPL - Virtual potential temperature at the bottom and top boundaries of

each new layer.

B-22




B.3 CONDENSED TABLE OF INPUT PARAMETERS

The data inbut parameters required for the computer Program axre given in

condensed form in Table B-3. The information categories in the table are defined

as follows:

Name of the FORTRAN NAMELIST list to which the variables

NAMELIST -
belong.
FORTRAN ~  Fortran symbolic notation defining the program input.
MODEL -  Mathematical notation corresponding to the FORTRAN notatipln.
UNITS - Dimensional units of the input parameters.
LIMITS - Numerical limits on input values.
VALUE - Default v.alue should the parameter have a value of 0.
ARRAY SIZE - Maximum number of core locations for the input parameter.

B.4 DATA INPUT FORMAT

This Program uses the FORTRAN NAMELIST method to input data. Input
data must be in a specific form in order to be read using a NAMELIST list. The
first character in each card to be read must be blank. The first card in the NAME-
LIST list contains the NAMELIST name NAM2 preceded by the character $ or &.
The last card in the NAMELIST list contains $END (&END) to terminate the list.

The form of the remaining data items in the list may be:

2. Varioble Name = Constant - The variable name may be a sub-

scripted array name or a single variable name. Subscripts must be integer con-

stants. The constant may be integer, real or Hollerith (nH qlphanumeric char-
acters) data,
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b. Avay Name = Set of Constants (separated by commas) - The avtay
name is not subscripted. The 4setf of constants consists of constants of the type integer

or real. The number of constants must be less than or equal to the array size.

Successive occurrences of the same constant can be represented in the form k*
constant.

The sequence of the input data parameters within the list is not significant.
A more detailed explanation of the FORTRAN NAME LIST can be found in most
FORTRAN language manuals. Section B.5 shows an example input data coding
sheet. All Program input parameters are set to zero prior to input of the first
case., Parameters that are not used or have default values need not appear in the

input deck. When multiple cases are stacked, all parameters retain their values

from the last case and are changed only by input.

B.5 SAMPLE PROBLEM INPUT DATA

The sample problem is for the hypothetical launch of a Space Shuttle vehicle.
The meteorological parameters were measured at Kennedy Space Center for the
21 October 1972 case described in Section 5. The parameter input sheet is shown
‘in Figure B-~1 and the Program output is shown in Appendix C.2. The data input
parameters shown in Figure B-1 were automatically calculated by the Preprocessor
Program and are shown in the Preprocessor output in Appendix D.1. Only the HCl
normal launch cases with Model 3 and Model 4 are given here. The first namelist

deck shown in Figure B-1 is for Model 4 and the second is for Model 3.

B.6 LINKAGE DIAGRAM OF THE NASA/MSFC MULTILAYER DIFFUSION
MODELS PROGRAM - VERSION 5

Figure B-2 shows the subroutine linkage diagram for the NASA/MSFC
Multilayer Diffusion Models Program - Version 5. Each line terminating at a
subroutine name represents a subroutine call. The asterisk indicates subroutines

in the SC4020 plot package used only in the UNIVAC 1108 program copy at Marshall
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Space Flight Center, Huntsville, Alabama. The program also references the
FORTRAN library functions SIN, COS, ATAN2, EXP, SQRT, ALOG and ALOG10

not shown in Figure B-2. A description of the routines shown in Figure B-2 is

given in Section B. 8.

B.7 DESCRIPTION OF PROGRAM SUBROUTINES

Subroutine MODEL is the main controlling program in the NASA/MSFC
Multilayer Diffusion Models Program - Version 5. This routine controls the calcu-
lations for Models 1 through 4 and passes control to subroutines that calculate

Models 5 and 6.

Subroutine BREAK completes all calculations for Models 1 through 4
(Section 3.1 to 3.4).

Subroutine READER is the data input routine for the Program. All input
default values are set in this routine and most meteorological layer parameters are

calculated in this routine.
Subroutine DEPOS controls all calculations for Model 6 (Section 3. 6).
Subroutine SGP completes all calculations for Model 6 (Section 3. 6).
Subroutine WASHT completes all calculations for Model 5 (Section 3. 5).

Subroutine TESTR is used to determine special indices used in calculations
with MODEL 4. This routine also calculates the downwind distance at which the

layer transition for Model 4 begins.

Subroutine IDENT is used to initialize the SC4020 plotting routines used at
Marshall Space Flight Center,
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Subroutine ENDJOB is used to close out the SC4020 plotting routines at
the end of a job,

Subroutine RB8 is used in the calculation of the wind speed and the standard
deviation of the elevation and the azimuth wind angles in the surface layer (g, m, p,

ql, ml and pl in Sections 3.1 to 3.4).

Subroutine ERTRAN is a time and date routine. This routine is a UNIVAC
system utility routine that returns the data and time. The following statement is
used to retrieve the 6 character date (MMDDYY) in the first variable and the 6

character time (HHMMSS) in the second variable:
CALL ERTRAN(9, NTFB(1), NTFB(2))

Subroutine ISO evaluates the normal error function used in the calculation

of Model 4 (Equation 3-18, Section 3.4).

Subroutine COORD calculates the downwind and crosswind distances of a

grid system calculation point relative to the alongwind cloud axis and the layer source

location.

Subroutine RB11 is used in the calculation of the wind speed and the standard
deviation of the elevation and azimuth wind angle in the surface layer. (Equations

(3-2), (3-5), (3-17), (3-19), (3-23), and (3-27), Section 3.1 to 3.4).

Subroutine SIGMA calculates the crosswind, alongwind and vertical standard

deviations of the dosage distribution for Models 1 through 5.

Subroutine GENPRT controls the printing and/or plotting of all model

calculations.

Subrouting LABELS generates the page heading information for all calcula-

tions.
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Subroutine ISSOPT plots the isopleths of concentration, dosage, deposition,

and/or time-mean concentration on the SC4020 plotter.

Subroutine LLPLOT plots maximum concentration, dosage, deposition, and/
or time-mean concentration as a function of distance in thé form of a printer plot on
the UNIVAC 1108,

Subroutine PRTTTL prints all page heading information.

Subroutine NMBRS converts a real number to a sequence of BCD characters

for insertion into the page heading and for plotting numeric values.

Subroutine LSSOPT plots maximum centerline concentration, dosage,
deposition, and/or time-mean concentration as a function of distance on the SC4020

plotter.

Subroutine PACKS removes extra blank characters from the page heading

and packs it into a form suitable for printing.

Subroutine MSFLD extracts a bit string (byte) from one word and stores it

into another.

Subroutine HEDING sets up key flags that tell the LABELS subroutine

whether the label is concentration, dosage, label or other.

Subroutine INPTS is used to set indices for reading or writing records

from mass storage.

Subroutine INTOUT writes or reads records from mass storage.

Subroutine VRTCLE determines the vertical axis label for maximum

centerline plots.
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Subroutine FSTPLT plots information identifying the plots for a set of input
data decks.

Subroutine ILAXES draws and labels the plot grids for maximum centerline

and isopleth plots.

Subroutine ILPLOT draws and labels the maximum centerline curve and the

isopleth curve.

Subroutine MAXMIN determines the maximum and minimum plot values for

maximum centerline plots if they are not input.

Subroutine BOUNDS determines whether the plot curve leaves or enters the

plot boundaries and interpolates for the intersection of the curve and boundary.

Subroutine SPLINE calculates the coefficients of a third-degree natural
spline function used to calculate maximum centerline values and to plot maximum
centerline and isopleth curves. The function derives its name from the fact that such
a curve approximates the behavior of a mechanical spline used by draftsman to draw
a2 smooth curve through a set of points. The curve has the properties of having |
continuous first and second derivatives, and of being the "smoothest" curve through

a given set of points in the sense that it minimizes

x{xz [ ] % ax

03 =
K
where
s = dosage, concentration, etc.
X = azimuth bearing or distance.

= derivative =1, 2
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The function s(x) is the unique curve with these properties and is a piece wise
function given by a polynomial of maximum degree of 3 in each of the intervals

[xi, X, + 1), in general by a different polynomial in each such interval, For a more
detailed explanation of the spline function, the reader is referred to the book by

T. N. E, Greville, Theory and Applications of Spline Functions.

Subroutine LINE2V draws a line between 2 points (SC4020).

Subroutine PRINTV prints alphanumeric information horizontally (SC4020).
Subroutine FRANIEV advances the camera frame (8C4020).

Subroutine LABLYV prints a2 number (SC4020).

Subroutine APRNTYV prints alphanumeric information vertically (SC4020).

Subroutine SETMIV sets the plot margins (SC4020).
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APPENDIX C

FORTRAN SOURCE LISTINGS FOR THE PREPROCESSOR
PROGRAM AND THE NASA/MSFC MULTILAYER
DIFFUSION MQODELS PROGRAM -

VERSION 5

C.1 FORTRAN SOURCE LISTING FOR THE PREPROCESSOR PROGRAM

This section contains the complete FORTRAN source listing of the Pre-

processor Program.
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C.2 FORTRAN SOURCE LISTING FOR THE NASA/MSFC MULTILAYER DIFFU-
SION MODELS PROGRAM - VERSION §

-

This section contains the complete FORTRAN source listing of the NASA/
MSFC Multilayer Models Program - Version 5.

C-36




06040710W
_0deg0m0MW
00€c010W
00LE071GW
009€010W
00G$0 0N
00H00W
00SE071aW
002¢00W
00TCO1OW
000€0710KW
006207aKW
00820710W
00,20710W
009207aW
005207awW
00+h20710W
00S2070W
- 00220710W
00Tz07an
00020710W
006T071aNW
008T0710W
00LT07GW
069707 1aNW

004707Qv
00€T0IaN
© 602T0710W
00TT0710W
00070710W
00600710W
0090071QW
00£007QW
0090070W
00500704
0040070W

oonoo._oi!..******************************************************************
A NOISYAA ¢71300W NOISN34IQ HIAVIAILINW J4SW/YSYN
ccaoc._o:%******_..*_.s.._.:..*******************************************************

00200710

NOILYNO3 39YS0Q 40 Wy3IL NOTLIIV4TN

-

NOTILYNDI 39VSOC 40 WY3L VITLY3A

NOILVYNDI 39VYS00 H40 Wy3Ll Wy3LYY =

QIY9 3ONIY3JIAY JLYNIAHOND ¥YTI0d 3IHL

40 LNIOd NOILYTINOTIVD 0L HLNON S33493d 0 WO¥d ONINYIR HLNWlzZY =
(SU3L3W) WIALSAS QIyo
3INIYI43Y FLYNIQYOOI ¥YI0d 3HL 40 INIOJ NOILYINDIVI 0L 3ONYY =
NOILYNO3 39vS00 40 lyvd
NOILVYHYLNAONOD 40 3NIYA Q3LVINITYD
39Ys0d 40 3NTYA GILVINIYD

Y3AVT NI SLIH9I3H NOILVINDIYD
HY3HS Q334S ONIM g3LVINDAYD

H3AYT NI 3SN 01 ST3Q0W ¥O 13A0NW

Y3IAVT NI NOILO3IHMIA ONIM NY3IW Q3aLYINIYD

(S334930)

o nu

Y3IAVT NI 32UN0S 0L HLINMON S33H930 ¢ WOMNS ONIYV3IE HINWTZY

(SH3LIW)

INIIOIH4300 NOISNIHIA WIILY3A A3LYINOTYD

(SY313W)

NOISNIWIQ 3J4N0S TVITLYIA 3IHL 40 NOILVIAIA QUVYONYLS
Y3AVT NI YVIHS NOILOIHIQ ANIM Q3LVINIVYI = dHLNAA

(S¥3L3W)

NOISN3WIO 32¥NOS GNIM ONOTY IHL 40 NOILYIAIQ QYYANYLS
YIAVT NI INIIJTJ4300 NOISN44IQ WHALYT Q3LYINITIVD
00STO AW (¥ALAW) NOISNIWIA IUNOS IVHILYT 3HL 40 NOILYIAIQ QYYANYLS
INITOI44300 NOISNVAX3 MY Y3MOd “TYOILY3A
IN3IOI44300 NOISNVAX3I MY ¥3Mod VY3ILYT
YAV NI 033dS LYO4SNYYL (Q3LvINIVO =
d3AYTT NI HLIONIMYLS 2A2YN0S =

(SY3L3W) mmm><4 40 SiHorad A¥vaNNOd =
(SY3L3W) LHOI3H NOILVZITIGYLS QN0 = H
SNOILJO TTOUINOD WYHYOOUd =dINSI

W3ILSAS QIO
3ON3Y3A3Y J0 NIOIYO OL IAILVIIY ¥3AVT NI 32¥NOS 0L 3ONVY

i

434A
H3A
v

AA

XX
aMY3d
i\ [o}e)
Sod
o122
ni20
OoWz1
YiI3HL

AT130

X120
d391S

0291S

0X91S
dv91s
049718
Y139
YHAY
yvan

2

QLULLUVVLVOVLLLVVVLLLLVLLOULLLLVLVLLVLLIVILULLLVVLOLWY

*0h

*6Q
*8¢
*/Q
*9Q

*GQ

*Hhe
*eQ
*2¢
*1¢
*0¢
*62
*Q2
*.2
*92
*G2
*he
*c2
*22
*Te

*02 .

*67T
*QT
LA
*971
*GT
*h1
*0T
*27T
*T17T
*07%
*6
*Q
*2
*9Q
*G
*4h
*Q
*2
*T

C-37




00T80710W
00080710W
006.070KW
008.070KW
00LL0710W
069.,070W
00GL070W

INOHSYM dO LHOIIH WAWIXYW =
{SAN0J3S) NIVY 40 luYls 40 3wIL
IN3TII44309 LNOHSYM = ¥
3YNLIONYLS HIAV M3IN 40 X91IS = M
4SYL 01 3ONVISIQ 2LYINII =
(S3X3ANI 1081 ONY d0.lI) 3JYUNLINHULS
¥IAVY G0 40 SWH3L NI LSVL Y314V ¥3AVT M3N dO0 wOollog =

00hLOTCWHNLONYLS ¥IAVYT 010 40 SHY3L NI LSYL Y344y ¥3AYT M3N 40 doi =

00¢4070W
002L0710W
00TL070NW
0002070W
00690710W
008907QW
00,9070
009907104
00590710W

00690710 -

00£906M10W
0029071GW
00T90770W
C00900W
006S070W
00950710
00.5070K
009607 10W
0065010W
00HhG0IaW
00€507aW
00260110k
00TS010W
0005070k
0064070
008407aW
00LH010W
00940 10K
00SH0671aW
00hh01aKW
00CHOAW
00260710W

SYIAVT 40 ON T-SZN
- 081/1d

122 SIHOIZH NOILYINDTYD 40 ON
SH137d40ST NOT1VHINIONOD NV3W 3WIL 40 ON
SH131d0SI NOILVYLNIINOD 0 ON
SH137d0ST 39YS0Q 40 ON

SITYMANNOE YIAYT 20 ON

SALYNIOYO0D A 40 ON

SALYNIANO0D ¥ 40 ON

ASYL 3WIL ¥3ALAY SUIAYT M3N No X3ONI
‘1sYL

3WIL LV 3NO OINI WHOd LVHL SH3AVYT d0 SdNOY9 LINTLSIO 40 OM =

(SANOJ3S) 3ONVHI 3dNLONYLS HIAVT 40 3WI)
39VNOLS dWAL
39VH0LS dW3L
39YHOLS diW3L

12z SLHOIZH NOTLYINITYI ¥AAO X3ON
SH3AVT 40 X3ONI
SILYNTQHO0D A 40 X3ONT
SALYNIQHO0d X 40 x3ant
NOTLO3MIO ONIM ONOTIV NI GNOTD 40 HION3T
Id OM1 100Y 3WVYNDS
NOTINBTHLSIO
39YS0Q ANIM ONOTY 3HL H40 NOILVIAZQ QHVAONYLS J3LYINIIVYI
NoIingrIyisia
39vsod J<¢Mk<4 2HL 40 NOILVIAZQ QHYANVLS 03LvINIVD
Nolinglylsia
39YS00 IYOILY3A 3HL 40 NOILYIA3Q ONVANYLS 03LvINITYD =
SHL3T4OST H0d LS3YIALINI 40 S3NTYA NOILVHINIONOD NY3W 3WTL
LS3UIINI 40 S3NIVA HL3TJOSI NOILYHIMIONOD

LSAYIINT 40 S3NIWA HLI40ST 39YS0Q =

NOTLVWHOANI 35YD WII90770403L3W =0

00TH01IQHLD3S) *d30 “IYNOILYLIAVYEO ¥Od H3AVT NI Wil NOISSIW3 32un0s

Wiz
TWIL
aanyn
NX91S
1SYX

1031
dot1l
ZNN
avy
S1dN
TIN
ION

ION .

S2ZN
SAN
SXN
hinb

HaN

LSvy

coLs
2018
T0L1S
I =M
M

r

I

-
dZHds

X91s
A91S

2918
= 11
19
10
NLS3L

L

*18
*08
*6L
*QL
*LL
%9/
*GJ
*hl
*eL
*2L
*TL
*0L
*69
*029
#*L9
*9g
*G9
*Hho
*09
*29
*19
*09
*6G
*8G
*LQ
*QG
*GG
*HhQ
*0Q
*29
*18
*0S
*6h
*8h
*Lh
*Oh
*Gh
*hh
*Ch
*2h
*Th

C-38

e — e — e

- ————— I




0622T10KW
0072T0KW
0002T0W
006TTIOW
008TTIOW
00LTTIOW
0097 T 10N
00STT AW
00hTTIOW
00CTTIAW
002TTIONW
00TTTION
00O0TTION
0060T 10W
0080T10KW
00L0T710W
00901710W
00S0TIOW
00H0TI0W
00€0TIOW
0020T0W
0nTOTTION
0000TI0KW
0066071QW
0086070W
0026070KW
009607aW
00S6070W

YY3HS 379NV ONIM

INIANOJX3 MY ¥3MOd dJY9IS Q3LYINIVI
INANODXI MVYT ¥3IMOd d4391S Q3LYINITVD
IN3NOAX3 MVT ¥3M0d 033d4S ANIM AFLYINIIYI

(SH313W) 1s¥NE 40 LHOI3H
8A d0 AONAND3IMA

ZNN ¥3AYT NI 1oNn¥1S30 ¥O 1Sdng V wodd SITLIJ0TIA ONITILLIS

IN32¥3d 3AId

ol omu:omm (2e*) ¥od .mm»<4 JHL NI 32¥N0S 3NIT YOILYAA

YV WOoHd 03133dX3 NOILISO0430 Wo¥d INIDY3I4 N3L NYHL SS31
SIATYYA HIAVYT FHL NI S3IINOS UINIOd IJXN Wodd NOILISOL3
ONNO¥S LVHL SAUNSNT (SHh*) IN3IDIZA30D ADVHNOOY Q3y1s2q

" SA d0 AONINDIHL

1300W NOILISOd3Q TYNOILVLIAVYO NI ALIJONAA ONITLLAS

g0 01 3ZATLIVIIY

FYNLONYLS HIAVT M3N 40 dOL 40 ¥IEWNN HIAYT LNdNI

G710 o4 2AILYA3YM

AUNLINYLS ¥IAVT M3N 40 WOL108 40 ¥IBWNAN U3AVT LNINT
YIAVTY M3N 40 dOL 1V O0I¥3d ONITGWYS J40 SONOIJ3S NI 3WIL

JUNLONULS ¥3AYT

M3N NI NOTLVYZITIBYLS ANOTD “Iv¥3LVYT Y04 SANOI3S NI 3WIL
Y314V ¥IAVA B3N HOVI dJO 404 ANV WOLLO08 LY NOILI3UIQ ONIM
(SY3L3W) 3IYNLONULS MIN 4O ¥IAVT 3DVIUNS NI LHOIZH IFONIUIJFY

(S33Y¥930) 39NVYHD

Y3IAVT U314V Y3AYT MIN HIOV3 uo d0L ANY WOLll08 1V d391S

(S33493Q) 3IONVHD

¥IAYT ¥ILIY ¥IAVT MIN HOVI 40 JOL ONY WOLLOG LV d¥9TS

(33S/S¥343W)  3IONVHI

00H601GNN3AYT YALAY YIAVT M3IN HOVE 40 doi ONV WOLLI08 LY QR34S ONIM

NOILYNO3 39¥S0Q NI INIIJI44200 AVI3]

¥IAVA FHL 40 dOL 3HL LV SON0JI3S NI QOIN3d ONTIJWYS
NOILVYZITIBVLS ONOTTD TIVYALVT HOd QIYIND3Y SONOIIS NI 3IWIL
(S334¥93Q) SATUVANNOE HIAVT LV NOILOIWIQ ONIm

(SY313W) Y3AVT IDVNINS NI LHOTI3ZH 3ONIUILATY

(S334¥930) WYZ LY G3WNSSY SI M3I9IS ¥0d T ¥IAVT

40 AYVANNOE ¥IMOTT ‘ANYANNDE UIAVT HOV3 LV (WILINI) d391S
(S33¥93Q) MY¥Z LV G3RNSSY SI WYOIS ¥O0d T ¥3AYT

40 AYVONNOS Y¥3IMOTT ¢AUVONNOE ¥IAVYT HOV3A 1V (IYILINI) dVOIS

00c60AW
0026070W
007160710W
0006010KW
00680710W
00868070W
00L8070NW
00980710W
00S9071aKW
00480710W

(23S/543L3NW)

H¥Z LV Q3WNSSY SI »yven HOd T

00C80ITWYIAVT 40 AYYONNOE ¥IMOT ¢AMVONNOS ¥3IAYT HOV3 LV 033dS ONIM
ANNOY9 L1V LNOHSYA 3LVINID =

0028070KW

X410
YMdW
HYMJO
Y4dd

8343d
A

JNIJV
¥3d
SA

d0Lr

l08r
TonyL

vl
VL3HL
= N2z

1391S
oIS
THvan
Avd2a
Xonvli

ANyl
MVLFHL
= Wy2
Y3918
AVOIS

Ayven
NOHSYM

*227T
*T27
*027T
*6TT
*8TT
*,17
*9T7
*GT1T
*HTT
*CTT
21T
*TT7T
*0TT
*607T
*807

*L07

*90%
*G0T
*Hh0T
*C0T
*20T
*T0T
*00T
*66
*96
*L6
*96

*S6

*he
*¢6
*26
*T6
*06
*69
*98
*.8
*9g
*GQ
*he
*C0
*2Q

C-39




00£91710KW
00297710MW
00T9T710W
0009T710KW
006GT10M
0085110
00LST710W
009S7710W
00SSTaW
00HST 1N
00€STIaW
002S1710W
00TSTI0W
000STI1OW
0064T10W
0084 TIOW
00LHTTIQW
0094771aW
0054110
00hHTI0W
00S4T1aW
002hT1OW
00THTIOW
0004 T1OW
006CTIOW
008¢TION
00LETaW
009¢ T 10N
00SETI0W
00hET IO
00€CTIaW
002STIOW
00TETIOW

000€TIOW:

0062T10W
0082T10W
00L2T10W
0092T71GW
00S2T710KW
0042 T10W
00¢eTION

¥0d 311S HONNVT 3HL WOXUd IONVLISIC GMIMONOIY WNWIXYW = NPXVWX
*03SN SI H¥V3NIT T OL L3S JY °Q3sn SI ONIYIS 9071=-901
2 40 0 01 135S 4I °*S107d 3NITYILINID WNWIXVW ¥04 HOLIMS = MSI
(73S 31VIIN0VD IR WYHO0¥d 3HL 0 d41) ‘00042 SY LNdANI
38 0NOM 1195 N3HL S3HONI 000h2 = HONI T SI ¥OLOVd 37VOS
dVW 3HL 31 *S107d H137dOSI ¥0d4 S3HINI NI HOLIOVS 3VIS dVW = 7108
NOILVWHOINI NOILVIIAILNIAL 3SYD IWIJ3AdS = SVYIWYN
YAWYO=0°T = dYWWYS
(NOTLI37143Y ON ¥O04 0= ¢NO1123743Y 3131dW0D

“H04 T=) 3DVAUNS 3HL LV 03103743y TIVINILVA 40 NOILOVHY =  ViWvo
{s¥3i3w) 0291S

40 IN3W3INNSY3IW 40 INIOd Ol 32¥N0S 3INYL WO¥d4 3ONVISTIO = 2ZY°Y
(s¥3L3) 0A9IS

40 IN3W3YNSYIW 20 INIOd OL 32UNOS 3INYL WOMJ IINYISIA = AW
(SYILIW)  ATIVITLYIA SUNDI0 NOISNVLX3 HYYIANITILOZY HOIHWM

Y3A0 32UNOS LINIOd YNLYIA 3HL WOY3 ONIMNMOG ZFONVISIO = ZyX
(SHILINW) ATIVYILYT SHNIO0 NOISNVEXI HYANINILO3Y HOIHM

H3A0 3JUNOS AINIOd IVNLHIA 3HL WOHd ONIMNMOG 3ONYISIA = A¥X

NOILVHLNIONOD 3JOVMIAY WAWIXVK = NIXWAVY
35YSSYd ON0TD 40 2MNIL = WisSvd

NOILVHYIN3ONOI JOVHIAY = NOOIAY

(SONOJ3S) 3IWIL ONIOVHIAY NOILVHLNIONOD = AVAIL

(NOIL1150d3Q) dVYOIS Q3LYINDTIVD = HNVYOIS
(NOILIS0d3A) d391S QILYINIVD = HN3I9IS

NOIL1VUINIONGD
ONY 39YS0Q 40 NOILYINOTIVI NI UNLINHULS U3AV M3IN 40 A9IS = HMNA9IS
NOILISOd3Q TYNOILVLIAVYY 40 3NTWA QILVYINIIVI = Nd3dA
(NOILISOd3C) H2AVT NI S3JUNOS INIOd 40 ¥38WAN = TOXN
(NOTLISOd30) »m<m>.xm<mx INIOd 0L 3M9ONY = ONY
39VHO0LS dW3L = Yyans
(NOXLISOd3A) VYHJIY 031¥INOIVO = UNHJTY
(NOILISOdA0) ¥138 03LYINITIVD) = YNYL3g
(NOTLIS0d3A) (d33dS GNIM a31YINITVI = »Nuvan

. (NOI1150d30) ONNOY¥O HLIM NOILD3ISHIINI-
1V SA 40 SIXY Gnod NO INIOd 40 JLVNIGHYOD GILYIINOWVI B Xyvex
(NOIL1IS0d30) ONNO¥NO HLIM NOILOISHALNI

LY SA 30 SIxv QDOJO NO IN10d 40 3ILYNIQHNOD Q3LVINDTIVY = Ay¥YaA
39VYHOLS dW3L = 430

8A ONY SA NO X3ONI = 11

8A S3ITLINOTIA ONINLLIS 40 HIGWAN =  9AN

SA S3TILIO0N3A SNITLLIAS 40 Y¥2BWNN = SAN

*£97
*2971
*797
*09T
*6G6T
*QGT
*1GT
*9G7Y
*GQGT
*HhGT
*QCT
*2G1
*TGT
*0GQT
*6h T
*QhT
* 41
*0hT
*ChT
*hhT
*ChT
*2h1
*THhT
*0hT

*6€T

*aeT
*LC1
*GeT
*GeT
*HheT
*CeT
*2¢7
*T87T

*0€T

*627
*g271
*¥.21
*92T
*G21
*4h2T
*021

C-40

e e e —————



00402710aW
oocoecdwW
0620210W
00702710
00002710
00661710KW
00867 10W
00L6T710W
0096T10W
00561 1AW
0046TI0W
00e6TI0W
0026T10NW
00T6TIOW
0006T10NW
0068T1ANW
0088T10W
00.81710W
0098 T 10N
00S8TIONW
0048TI0ONW
00T 1AW
0028171QW
00T8TIAW
0008 T0W
0064T710W
008LYTIOW
00LLT10KW
009LT710W
00SLTIOW
00HLTIAW

(0T)ID‘(OT)ICVABWY T TWILIWIZ/AVIZQY (GTIAOWZT ¢ (04) T2Z ¢ ZHX ¢ AU IXH
12X AUXTHINONYL OUNYLC(OTINVLIHL A AVI L WY2Z¢ (02) v136¢ (02) YHLIVE
1(ST)0Z91ISY(STIOADIS (ST)OXOIS! (9TINIOISY (ITINVOISY (OT) Myveang
A{GTIDN(STIATIA(STIXTIA(ITIZ(THIAK S (TH) XX AANISANESLAIN CMENT
CIONYIONISZNISAN!SXNY (ST)JINST ¢ (2TIONLSIL /1WVHYd/ NOWWOD

. HIAYIY INILNOYENS NI 2WYN
SLISIMIWYN NYMLHOL 3HL YIA OV3Y 3UY SINGNI Y *3uY A3HL HOIHM
ANIWH3L30 0L MOILYINIWNI0O WYHO0¥d 3HL LANSNOD ¢WYY¥OOUd 3IHL
A9 G3NIWHILAQ ATIVIILVWOLNY 3YY SYILIRYUVY 3IA0QY 2HL =0 3AW0S
ZYTIX 4ANTX 478X AUY (VAWYTIE) VABWYT ¢AYWIL ¢SLdN ¢BAN ‘SAN
SYOWYNIGH ¢8243d ‘BA ¥NJDV ¢J3¥3d ISA ¢I0NYL ¢ INVL ¢IV1IHL
YZ 471391IS 4WOIS TIMVEN 4AVIEC ‘NONYL ONNYL NYLIHL W97 1M39IS
HWNITZ OMVYOIS NYvEN TWIL 4IAN ¢ION ¢IONYSZNISANISYM
$1SYL ¢IL ¢ID 410 4ONLS3L- 41 AN XX $72Z ‘0Q0WZI ‘o030
¢XT130 ‘dHLTZ0 ‘OX9IS ‘0Z9IS ‘Y0A91IS VLI38 ¢YHJIY ‘B 7 ¢‘H ¢dINSI
= SAILINVYYYd INANI WYH¥OOUd =~

*3YNLONYLS ¥IAVY M3N 3HL

40 AUVONNOS ¥IAVYT HOV3 LV JUNLVYIW3L WILNILO0d WNLMIA « 1dW3L
*YYIHS 0332dS
ONIM 0 S3SN WYHO0Md AHL1 LNdNI LON SI Mdw3l ¥O 3ATLISOd ST
3LVY 354V 3HL ONY 3ATLYO3N SI YVY3HS 033d4S 3IHL 41 ¢ uVY3IMHS
Q33dS 3HL 40 3INIVA 31NT0S8Y IHL S3SN WvHoOoud 3HL 2AILVO3EN
SI 3LYY 3SdY7 3IHL 0SV OGNV ST LI 4@ *3ALLVO3N SI UY3HS
033dS ONIM 3HL d4Y 33S Ol SUO3HD 90Ud 3JHL *¥3AYT 3HL NI
34vY 3Sd¥T 3ATLVO3IN ¥V SI IY3IHL J1 33S 01 03sN ST AVHMY

00FLTIOWSIHL *AYVANNOS HIAVY HOVI LV 3UNLIVY3IW3IL TYILN3ILOd IVNLYIA =« HdW3l

002LTICKW
00TLTIANW

. (S3LYINDIVI
WYY90¥d 0 4I) °T = MASI 41 SIXV IYOILM3A 3HL 40 3NTVA

000LTIOWWNWIXYW *HO *2 ¥0 0 = MSI dI S107d 3NITHILINID WNWIXYW 3HL

0069T71OW
008910
0029770W
0099170W
0059T710W

00H9TIAN

J40 SIXY IVYIILH3A 3HL ¥0d S370AD 9071 40 YIAWNAN WNWIXVW = NPXVYRA
(S31YINDTIVI WYH90Nd
0 4I) (SY3L3W) SHLIITJOSI HOS FONVLSIOA ONIASSOUD WAWIXVW = NIXVWA
(SILYINDIVI WYHO0¥d 0 HI) (SY3IL3IW) SHI3IILO0SI
¥0d 3LIS HONNVYT JHL WO¥d 3ONVLISIO ONIMONOY WNWIXYW = NIXYWX
(SILYINDTIYD 90Y¥d 0 1) (SHILIW) SLO0Td INITYILNID WNWIXYW

*hoe
*€02
*202
*T02
*002
*66T
*067T
%061
*96T
*G6T
*h6T
*C6T
*261
*161
*06T
*687T
*98T
*101
*9QT
*GQT
*hQT
*CRT
*2871
*19T
*087T
*6LT
*QLT
*LLT
*9LT
*GLT
*hLT
*0LT
*2L1
*TLT
*x0LT
*697T
*99T
*L971
*99T
*GoT
*H9T

C-41



00SH2IAW

0°0 = (re¢1INd3A
00HH210W THT=I 0T 0Q
00EH20KW THT=r 0T 00
0024210W T = M1
00TH20W 0°0 = (I)XwYad
000H270W ¢i1=1 g 0qQ
006£270W . 3NNTLINOD
008g2awW (0¢0¢0¢0)ATWLIS YD
004E270W (4WITd SNId ‘HOVI T ¢Ad0D OY¥YH,4SEYINIGT WD
009¢21aW . S = MAW
00s£2TIaw 9 0L 09 (g *03* YAW) AT
00HhE2 10N 9 0L 09 (T *31° (L)JINSICANY*T *31° (2)dINST) 41
00££21aKW ANNTINOD
002¢2710W 00, 01 09
001¢2aM . 50430 19
000£270W 1300w ‘NOIL150d30 WNOTLVLIAYYS 31N2IX3
0062270W g OL 09 (D *31* (2)msS¥) IT
0082271auW 2 = 441
00422710W (441)¥3QY3IY TVI
0092270KW SY3LIWYYVC 1300W aY3IY
005227aKW 0 = M¥awW
60h2271aKW T = 447
00822710k 62C5H.T0° = avy
0022271aW £02990G°2 = dzM9s
0072271aW *kk NOTLD3S LNdNT #%x
0002270W ONAS3L ¥393ANT
006T2710W VOSWY1 LY 1410 uMdW YTy
00812710 (CHITINGTT
00LT2IGNA*WLSSYd) ¢ ( (S TINIAINOIAY) ¢ { (24 TINIIA!SOM) ¢ (NJIAINOD) IINITYAING3
0091270W (T)WLSSYd! (TINOIAY ¢ (T)SO0T* (TIMOD .NOTSNIWIQ
00ST2710W (£)XWYAD I SSANL
00HTZIOW  *LA¢(2)IWILTY(2)ILVOI/HZY /ONY (TheTH)NAIA! (Th) HNYOTS/ (TH) ¥NIOT1S0
00¢ 12100 ¢ (ZHYONY ¢ (Th) MNHAIY ¢ (TH) INYLIGS (TH) WNYYEN? (TH) ANYEA (TH)ASAG
002T27aW SAMNSTOW TWI *SINIT (SIMSH (ST)STTOW ¢ ZMSN Y L LLNY GAN ¢ IIINh
0011210 ¢LLNQAN¢IIN (02) YWWYO ¢ HNADTS ¢ LY 14 TIXNHVEOS ¢ XUVAX ¢ d3Q¢ 1T ¢ UMANG
000TSIOW *HMID ¢ ¥Mdd 3P EINXDTSY (T2) LSYX 4 L0BT 1JOLT FZNN¢QYY NI ¢QYLICOLS 20152

006027aW

CTOLSMNINITIHL Y dZYDS XIS ADISZOISONYIL¢ 4TUAYIA ¢ (02) N30T

0080210W¢ (02)VL3HL/(02)d30IS¢ (02) dHLT3A (02) VOIS (02 uVEn /SWYHYA/ NOWWOD
(ST)SYOWYN/SANY (0TI TLITLUN (02) dYWWYO ! (DT IVLIHL L™
00902 AW (0T )INZ9IS (0TI IVOIS (0T) THVENIYZ¢0NVYLINVL ¢ (G0) TL38¢ (G0) HJITY ¢ Al
00G0271aKW¢ (02)8oU3d* (02)8AUNIIV (02) YA (02)SAY (G0IdOLNr? (G0)L0Br¢ {50) LSYLG

00L0ETTaW

01

*GH2
*hh2
*Ch2
*242
*Th2
*0h2
*602
*9C2
*102
*9g2
*GQ2
*he2
%002
*262
*102
*0¢2
*622
*Q22
*L22
*922
*G22
*422
*022
*222
*122
*022
*612
*Q12
*L12
*QT12
*GT2
*h12
*CT2
*212
*112
%072
*602
*9072
*L02
*902
*502

C-42



009827aW

00S82710W

00482710W
00£8271aKW

: (M) d391IST
¢ () YIS (MNINTA ! (HH) JHLIIA ¢ (AN VLIHL 4 (MNYUYEAN (226¢9) FLIYUM

3NNTINOD

AxJva0h3.AxJthomd.AxJthm<b.AxJuszv<kmn.~x4quzv

oonNJoz<IaJ<.Jos<h.JD«h.~«+&mJuJ<hmzh.amm4v4<hmzh.Aa+&m4v4uoum.amm4v4uoum«

00782710W
0008271QW
0064270W
008.2710W
004L2710W
009.2710W

oothJoz.aa+mm4vJ<0Hm.amvaJ<me.~a+&m4v41<m3.A&m4v4m<m3.JmN

00442 1AW
002L2T10NW
002L2710W
00TL27AW
0004270W
0069270W
0089271aW
00L92710KW
00992710W
00S9271aKW
0049271aW
00£9270KW
002927aW
00T920NW
000927aW
0065271aW

96 0L 09 (7T
L6 0L 09 ((MAr)r0@Q

h6 01 09 (ZNN

.Aa+&m4v4<on.Amm4v4<wam.aa+mm4v4m<m3.amw4v4m<m3 (126¢9) ILTHM
T=2*x%11 = d$7

ANNTILNOD
L6 0L 09

(AT)dOLP ¢ (HWTIT) 10BN (¥IT) LSVLY (MIIZNN) VLB (MITZNN) YHAIY2
470NV L2NYLY (T+dST)IVLIHL Y (dST) TVLHL (T+dSTI139IS (4ST1) 1391ST
(026¢9) ILIyM
T=2%%71 = 457
(¥r)LoAr) J1

HEN) AT
= AIIZNN
3NNILNOD

(T43M)Z (6TA19) 31THM

CIN® W) AT

_ (M%) QoWzIie
¢ O AT (IMI XTI3A O VLI (NI YHATIV O (AN Z¢ (THUNI MY 1AM 2

UMM AWYLIRLE(UN) 02D TS IUNIOADIS (A OXOTISH (THUMINIOIS ¢ (HWN) HIAVIST

CCTHMINVYOTIS (MAINYITIS (THMIHUYEN O NYVEN ¢ (HA)D (8T6¢9) TLTuM

INNT ENOD
¢6 0L 09

. (T)dYWWYO ¢ 4
ZHIXCAYTIX ¢ ZUX CAUXAYWIL VAWV TEWINZ ETIWIL ¢ (MM AOWZT ¢ (WN) AT13a¢
SN XAZAH (NI VLIB 4 (M) YHAIV (MN) Z 4 (THMMI Y LIHL ¢ {IN) WY LTHL 2

008S2TAW ¢ (HMYOZOIS ¢ (NNIOADIS ¢ (MHIOXOISINONYLINNVLE{THUNIANIOTISH (MNINIOISH (T
00LG2IANTHAN)I HVOTIS ¢ (MMNINVYO IS (THHN) AYVEN (HAN) WUVYBNIHYZ ¢4 (HN) D (S0A Q) 3LTHM

009G2aW
00SS20ONW
004G21aNW
00€S2aW
002G21aW
00TS21AW
000SS10W
006HS1OW
008+H210W
00L42TAW
009h2S0W

26 0L 09 (1T

*ANG M) 4T
(h06¢9) 3LTYM
XX (€06¢9) 3LIum

*ook SHILAWYYYD LNANT LSTT *x%
ZNNYT=XNY 006 00

0 = 941
0 = 9WI

SAN = SSAN

T =M
T = MM
3NNILNOD

L6

96

he
c6

26

0e

*992
*GAZ
*492
%092
*292
*192
*092
%612
*QL2
*LL2
*9L2
*GL2
*h.2
*C12
*2L2
*1L2
*0.2
%692
*QQg2
*£92
*992
*GOZ
*4h92
*092
*292
*192
%092
*6G2
*RG2
*1672
*0G2
*GG?
*4G2
*CG2
*2G2
*162
*0G2
*6H2
*Qh2

*Lhe

*9hH2

C-43




00.2€0W
0092€70W

00G2E 10N

00h2E 10N
00g2eaW
0022€0nW
00T2E 1N
0002¢710W

006TEOW

008T<IaNW
00LTEIOW
009TE71aNW
00STE 1AW
004TEIaN
00€TETAW
002TE1aW

-00TTEANW

000TEe AW
0060£71AW
0080 1AW
00L0€71AW
0090¢™1AW
0050€0W
00H0E10W
0020E7aW
0020S71aW

" 00T0E£7AW

0000£71aW
0066210W
0086271aW
00462710W
00962 10N

.00562710W

00h62710W

'00€6271aW

002627QW
00T6270W
00062710W

00682710W

0088270W
0048271QW

"09T 0L 09
((MPINOJAY ! (£)XWYAI) TXYWY = (¢)XWYOD
((0)s0a‘ (2)XWYad) TXYAY = (2)XWYad
((PINOD(TIXWYAD) IXVYWY = (T)IXWYQD
COPYAAS(TIXXAMINYINE 1Y)

GST 0L 09 (0 *19° (TImsSH) I}
SSAN¢TI=F 091 00

SXN¢T=1 002 0N

3NNILNOD

(PYASA+H30 = (M) AA

SSANIT=P 26T 00

Th = §SAM
SSANXG = 43N
d30 = gSAN

G'o+2'o¥Ll = 430

CGT 0L 09 (0 *19* SAN) d1

€8T 01 09 (T *®3I* aWI) J1

(S3XY YYINONY) AA L9NV430Q

3NNTLINOD

0°09T+(MMIVIIHL = 1A

08T 01 09

0°09T+(APIVLIHL = 1A

64T 0L 09 (d40LT °*19* »M*HO*L08T °*L11° Wi 4l
6HT 0L 09 (0 *37° MGN) 41

h = STAW (SOLI3I UM ONY*LOBI IO UM ANV 0 19°HEN) dI

(M%) SIOON = SI0W
005¢0064gHT ({THINZ=(3)127) AT
00G OL 09 (SIdN *19°* %) AT
ANNTLNGD

ghT 0L 09

00S 04 09 (T ‘D3* 941y 4d71

GhT OL 09 (0 °*31° (TIMSYH) I1
T-W1I4ZNN = dF

3NNTLNOD

*kk SNOTLYINDIVD NHILLIVA QIYO "IVHIANIO *kx%

(L16¢9) 31Tum
O HLSIL TIYD
INNTLNOD

(H11ZNN) 39S ¢ (NITZNN) dYOIS ¢ (NTT2ZNN) N 130T
s (IITZNNYJHLI3AY OFTTZNN) YIIHLY (HIIZNNY uYEn (£26¢9) 3LTum

86 0L 09 (OTI)108R *3IN*UA*HO'0 *BA* HEN) -d41

¢GT
2sT

0sT
641

BhT

Eht

0hT

86

xL2¢
*9Q2¢
*G2¢
*Hh2e
*eee
*22¢
*12¢
*02¢C
*6T¢
*QT¢
*)1¢
*91¢
*GT¢
*H1¢
*CT1e
*21¢
*T1¢
*0T¢
*60¢
*20¢
*,0¢
*00¢
*G0¢
*H0¢
*CO¢
*20¢
*T0¢
*00¢
*662
*RG2
*)62
*967
*GH?
*h6°¢
*C62
*262
*162
*062
*682
*QQ2

*182

C-44

oy




0089€710KW
00L9¢710W
0099€0W
00S9<1aW
0049 10W
00£9€ AW

0029¢10W -
00T9E AN,

0009€10W
006GE 10N
0085€1ON
00LGE1OW
0095€10W
00SSEIAN
00hGE AW
00£G€ 10N
0025€1aW
60TSEAN
000S€ 10
006HS1OW
008+HC1ON
- 00LHCIOW
0094C1N
00GHE 10N
00hHhE 1OW
00£HE 10w
0024<10W
00THEIOW
000410
006£€7aN

000€ETaN -

00L£€10NW
009¢E10W
00GEEaN
00hEEION
00gee™IaNW
002¢€ 10
00TCE 10N
000€E€0N
0062¢1aW
009280

(%% VIVO LINANI **HOT!XLS!OHT) LVWHOI
(xdokk HOIZ2T EYIAAYT ®xukaMHTT FXGG/OHT) LYWNOS
80MrAN3 1Y) (5 *D3° yauW) 4t
ANNILINOGD

INNTIANOD

T 0L 09 (0 *03° sdNy 4T

’ ANNTLNOD

dokdkkk |SAL IXIN HOHd 4007 k%

. - AANTINOD

ghT- 0L 09 ((T+XMW)Z *L0°* (M)22) 4d1
008 01 09 (SidN *19° M) 41

T+ = N

(X)) LMAN39 TIYH

: ANNTANOD

00g 01 09

{T)i¥dNI9 VYD

(T)2 = (T)27

G = SN

{(CITINGICE{TIXWYAI)I TXYWY = (T)XWYQAD
SXN¢1I=I G002 0Q

SSANIT=P g0z 04

SNY3ILLVd NOILISO43C LNOHSYM LNdINO

. T = 941

006 04 09 (WIMZ *11°* (T+MM)2) AT
0tz 01 09 (0 *37° (TIMSH) 41
INNTAINOD
(TéTH29SSANCLAONWISSY) LNOLINT T1TVD
Txh = (NOM

(TIT424SSAN LNONINOIAYILINDLINT 1VD

T T=Tkh = 1AOM
(TIT42¢SSANYLNOMISOO) LAOINT VD
2=Txh = 1NOMX
(T2T42¢SSANLLINOMINGD) LNOLINY TYD

. C=1%xH = 1NOM
SNOILYINITIVI NY3LLIVd 0149 VHIANID LNdino
INNTILNOD

002 04 09

) T = 9t

0LT OL 09 (0 *37° (t)imsH) Y
INNTLNOD

1HSYAR T1TWYD

h06
£06

ooe
LLL

00L
008

0te

soe

00e

0Ly

0971
ast

2

*9o¢
*L9¢
*0Q¢
*Go¢
*Hoo
*Co¢
*29¢
*19¢
*09¢
*66¢
*QG¢
*LGe
*QGP
¥GGQ
*HGe
*QGe

*2GE
- *TGE

*0G¢e
*6he
*8he
*Lhe
*9he
*Ghe
*hhe
*CHe
*2he
*THhe
*0hQ
*60¢
*QC¢e
*) Qe
*9C¢
*Gee
*hee
*eee
*2Ce
*Tee
*0ce
*62¢
*92¢

C-45




00€0H™ 10N N3
00204H710W d01S
00TO0H710KW (G°0T4!= dI9IS ¢HE¢S°0THd¢= dVOIS ¢HEG*0T4¢= N2
0000hAW30  HB!XT/G°0T4¢2 4HLIT3Q ‘HOT!G0Td= VIIHL ¢H6¢G*0T4¢= NYEN *%xx 4T
0066£71AW 13Q0W 39NVHD Y3AYT YOS SUIL3WVHVL INGNI O3LVINITIYOHCQOHT) LYWHOL €26
0086€10W (G*0Td*= d39IS ‘HE!S*0T4'= dV9IS ¢HeOXT/2
00L6€TIOWG*0T4¢= NTIQ *HBIG 0T4¢= dHLTIA ¢HOTS*0TH4¢= VLIHL ¢HE'G0TH4= NVYAT
0096€7I0WN, **xx €42¢T ST3A0W Y04 SUILIWVUVYL LNONI oub<JDUJ<UIom.oIav LYWN04 226
00G6£10NW (21¢=dOoLr ¢HL42TI=L08N ‘HL4Q*HTI=LSYL *HL!T h4'=1034
00Hh6E1ANE ‘HL! T hd=THYTY ¢HE!eed/=0NVYL HL/E 8d¢=TINYL ‘4l detgde=d0OLt LY "¢
00€6LIGWYL3HL *HOT¢C*934=WOL108 LV WL3HL ‘H6T!S'8d¢=d0L LY 391IS ‘HGT!G*gQ2
0026€71GW44=W01108 LV 139IS HLT/G84¢4=d0L LV VOIS ¢HGT!GR4¢=NOL108 LY Tyot
00T6ETAWIS ¢HBTh°84¢=d0L LV THVAN ¢HGTH°84¢=W0LL08 LY INYEN OHRT) LVYWMHOS 126
0006€TIAW(CT ¢=dOLr ¢HL!2I=1081 *HL8*HT34=USVL HLIT hd =138 HLT Hd 1=y
0068ET1ANATIY ‘HB¢C*gd4o=70NYL HL/C*BJ¢=INVL HLC 944=d0L LY TYL3HL (HoTég’qe
0088 1AW ‘=W0LL08 LY IVLI3HL ¢HE6T!G*B4¢=d0L LV N39IS ¢HGTG*@4=WN1l09 LY T2
00L8€1OWIOIS HLT/G*84¢=d0Ll LV OIS ¢HGT¢G*84¢=W0L108 LV VOIS ‘HAT/h'gdéi=T
0008€1AWLOL LY THVEN ¢‘HGT¢H°844=W0LLI08 LY TUVEN ¢‘HRT€°L4/=T187 0HY9) LYWNOL4 026

00G8€1AW (H°0Td=doL LV 2 HOT'XT) LVWMOS 6T6
0048€0W (CI4=QOWZT HL/8°HT3¢=AT13Q ‘HL!8* 4TI ¢=XT30g
00€8CIAW " *HL 1T H4=VL39 HLT hdi=VHATY fHEIC*B4¢=Z ‘Hpictpdizy

0029€1AWJOL LY NVYL3HL HGT/C*84¢=WO0LL08 LV MVLIIHL ‘H6T*H*64¢=0791S ‘HE'H'6dC
00TREIAGW I =0A9IS ‘HE*Hh°6d!=0X9IS ‘HB!G*84¢4=d0L L1V M3IOIS ¢HGT!S*8JI=WOLLO0A L2
0009€71AWY M39TS HLY/G°R44=d0l 1Y NVIIS ¢HGTG*84¢=W0LLI0B LY WYHIS ¢HET¢H*AT
O06LETANS =404 LY UVEN ‘HhTH°04¢=W0LL08 LY ¥VEN ‘HLT!B* 4TI =0 OH4) LYWMOL QT6

008LEN0W A\.ua:sunzovmd.xmd, LYWMO4 LT6
00LLE7aW (C*GHI=2dVHNYD ‘He'C* wu.uuxe ‘Hieg ed =Yg
009LETIOWX ‘HL‘E* mm.aumx tHQ¢C QA= AUX 'HOC*QAI=AYNIL ‘HQ¢H 2 4¢=YATWYT ‘He.
005LE710W 10°64¢=WI1Z HI/8 HTII=TNIL .:p.nH.|oozNH ‘HE'Q*HT9

00H2ETIAWT4=AT30 (HL¢B HTI¢=X130 *HLIC*64¢=H *HHh¢T H4e=vL130 HO¢T hdI=yYHJIY g
00CLEIAWHL/C*64¢=2Z *Hh!c*949=d0Ll LY MVLI3HL ‘HOT¢C*g44=W0L108 LY MVLIAHL ‘He4h

L002LEIANT ' H°64¢=0291S ‘HR!4°6d¢=0A9IS HB4°64/=0X91IS HL/C*B44=4ONY)L *HR¢CE

00TLSIOW  84¢=XMNVL 1HL¢G*Rd¢=d0L LV XM3DIS ‘HGT!S*ed¢=RW0LLOA LV XU3OIS ‘HgT!c?
000LCTAW*84¢=d0L LV NYIIS HHT/G*°8J¢=W0LLI0E LY HVOIS ¢HBT’‘h°84¢=d0L 1V ¥VANT
0069€10W ‘HhTH°9I¢=W0LL08 LV HVEN ‘HLTS*Ld=MHZ HO‘@*HT3¢=D O0H4) LYWHOS g06

*C0h
*20h
*T0h
*00h
*RHE
*Q6¢
*/6C
*QQ%
*GHE
*Hh6¢
*C6¢
*26¢%
*16¢
*06¢
*HRE
*QeQ
*/ Q¢
*9Q¢
*Gee
*Hhge
*C8e
*28¢
*TRE
*08¢
*GLE
*QLe
*L L0
*0) ¢
L VA
*hlC
*CLe
*2.¢
*TLC
*QLC
*69¢

C-46




(1Y NdXx3 = Ly1

000H0NuE >

006£0My8 0€T oL 09 (0°09~ *17° LY JdI

008¢c0M48 LY LYI*G 0= = VT

00L£0X%y8 A91S/4 = LV

0090448 . 0ST oL 09 (¢ *03° (MM)STIAOW °*ONV* 0°*0 °L7* 291S) 4dI

00Ge0oMu8 92T¢NET0ET (ADIS) 41

004£0MY8 (T4MNXIVWOIS 1TVD

002e0%y8 C424T ST3AOW 40 NOILYIINDTIVD

002¢0X%48 0Te 0L 09 (6 ‘*©3* N) dI

onTeoMyg T = SI

000£0MY8 GCT 01 09 (dOLI *37° WM ANV*MM *37° LOBI*ANY*Q °*3Nn® %8N) AY

00620XYy8 0'0 = (r)INOD

00820l 0'c = (MSon

0ol20Xu8 (TOSXOASYIOAOX A X INNENIOHO0D TTVD

00920M48 . NOTLO3MNI0

00520X4d ONIM ONY 328N0S 0L 3JATLVIIY HOLHIDIAY 40 NNILVYIOT 3INIWMN3LAO

00h20My8 *IHdT30 ¥0123S AHL NIHLIM QIY9 IVH3IN39 ¥V NO *%x*

00C20ONYBx* LNOHSYM ONV NOTLVYINIOMOI439VSOA SIALYINITIVI 3NILNOHMENS STHL **x%

00220X%y49 ONLS3AL H393INI

00T20%y8 VAaWYT4 LV ¢TI YMIW TYIY

00020My8 ((OTIONYXAHI) 1 ( (H 4 TINGIT
006TONUSOWLSSY) ‘ ((S/TINDIQINOIAY)  ((2¢TINJIA4S0A) ¢ (NdITINOI)Y FINIWAIND3

008T10My8 (TIXAHI (TIWLSSVL {TINOIAV4 (T)SOQ (TINOD NOISNIWINO

00LT0X%¥E (€)XWVAI*SSANL
009T0N%YE CLA(ZYIWILI(S)ILYAT/WZVONY (THETHINDIA! (TH)UNYOIS! (TH)HWNIOISO
00STOXYE $(2HIONY (TH) MNHATWV S (THI NNV LAY (TH) UNHYENS (TH) AUYBLA (TH)ASAG
00HT0MYE COMNSTION TWI SANIT (S)MSH (ST)ISTAOW ¢ ZMSN4 L L LN QQON ¢ DIONY

00£TOMHY SLIN4QANIDN (02) YWWYD OINADIS ¢ LV IIXN ¢ YVADS I XUYEX ¢ 43T T T  YMdWe
002TOMYE UMD 4 UMdD ¢ AP UNXDIS (T2) LSYX 4 L0QT 4dOLT 42NN QY4 HTIT 401 40015420152
00TTOMNH ITOLS MNP ITIHL I YOS XIS AOISZOISIONYIAL ¢ d3UAH3A¢ (02)NT1ATT
0COTOMYE (02)VLIHLY (02)d391S¢ (02)dHLTI3A (02)dVOIS ¢ (02)YVEN /SWYHYD/ NOWMOD

006008 (2T)SYIWYN!SAN (0TI IL¢TLINY (02) dYWAYO ! (OT)IVLIHL ¢,
00800XYE(0T)I39IS/(0T) VOIS (OT) WYEN4TIZ40NYLINY L4 (S0) 11394 (G0) THITY ¢ GHo
00,00XHE¢ (02)8243d¢ (02)8ACUNIIV(02)YId (02ISA(G0)doLre(50YL08r¢ (500 LSYIG
0090049 ‘(0TI (OT)IOVATWY I TWILIWITTZIAVIIAC(STIAQONZI ¢ (0h)TZZ ¢ ZUIX AY XY

00S00Xyd 124X AUXCHOMONYL NNV L4 (OT)INYLAHLCAYRT L Y2 ¢ (02)VL38¢ (02) YHAIVE
00400XY8 4 (GT)0291IS¢(STIOADISH(STIOXOIS! (STINIFIS! (9T)INVOIS (OT) HyvANne
oogo0Xyd C(STIDC(STIANA(STIXIAALOTIZ (TH) AR (TH) XX BANISANSSLINNENT

00200448 *TON*IAN!SZN!SANISXN? (ST)JINST ((2TIONLIS3IL /1WVHYd/ NOWNO)D
00T00XYE (oA ¢OX*M)NVINE ANTINOHANS

921t
*TA

VL LVLO

*0h
*6¢
*ge
*Le
*9¢
*Ge
*he
*CQ
*2¢
*1¢
*0¢
*62
*Q2
*)2
*02
*G2
*he
*Q2
*22
*12
*02
*6T
*QT
*LT
*9T
*GT
*HT
*Q1
*2 1
*TT
*0T
*6

*q

*L

*9

*Q

*h

*Q

*2

xT

C-47



007808

00080%48 09 0L 09
006.L0%48 (TIYWWYOx3 = 3
008.0X48 A=qQ
00L.0X48 0=9
009.,0%48 (TOdWL*COLS*COLS dAXI*I+((TT
comhoxxmeazp*NOPm*NOkmqax +{TOAWI*TOLS*TOLS)IAXI %A+ (WITL)AX3*D+43HA = 43HA
00+HL0X%48 g+4¥1l = ¢01S
00£.L0X48 Y=di = 2018
002L0MH8 v+dl = 101S
00TLONYE oh 0L 09 (0°0T= *471* WIALl) 4t
000.,0Xy48 TOdWLkWILKRNT L = WITL
00690 M4yd A=41 = Wil
00990X%Y8 TY*AY = Ml
00,9048 0*2+ay = Aav
00990%y8 0°c = av
00590Myg ok = 3
00Ha0AMYE {(TIVWWYD = Q
00g90MYa 0*tT = 2
00290X48 AD)dXIR(TIYWRYO+UIA = M3IA
00T90M%Y4d ) . (Q)YdX3 = H3A
00090%y48 0S 0L 09 (0°0g~= *17°* 0) 41
0065048 10dWi*Q = Q
00850%Y8 vxY = Q
00.L50%48 0L 0L 09 (0°0g~ *47°* D) 41
00950 %y8 (M) 2= (T+UM)Z = 1Y
008S0MYg IndWi%d = )
00HhS0 NS . 8x8 = 9
00EeS0Nu8 ONZZH M) 2= (NN Z2=H = 8
00250448 (M 122-H = v
00TS0ONYE (Z91S%291S)/G%0= = ID4WL
00osoNY8 0°0 = 434A
oomsokmm\ 0L 0L 09 (¢ °*3AN® -(MM)ISTIA0W) 47
00gH0MY8 0°T = 43MA
00LH0M48, 0°0 = M3\
0094 01y8 3NNT LNOD
00sH0NYE ANmum*mmmamv\ax<mm = Oyvad
00HhH0NYE . 12 01 09
00C+H0MXY8 Aaxvalﬁa+xvav\ox<ua = Oyv3ad
00240348 02 01 09 (g °*°»3a* (W)STdow) 41
00THOMYB ( (AN HYBN*A9TSKkd2UDS) /7 (MN)ID = ANY3d

3NNTLINOD 0L

09

0s

12
02

*1Q
*09
*61
*QL
LN A
*9)
*GL
*h)
*¢J
*x2/l
*TL
*0/L
*69
*Q9
*]9Q
*99
*GQ
*H9
*CQ
*29
*19
*09
*6G
*QQG
*.9
*9G
*GG
*4HG
*0Q
*2G
*14
*06
*64h
*Qh
*xLh
*Q4
*Gh
*hh
*Ch
*24
*TH

C-48



0022TXy8
00T2THMu8
0002TXy8
006TTHYE
008TTHHE
00LTTMEE
0091 THyE
00STTMYE
00hTTHHE
o0gTTMYE
002TIMdE
00TTTMYE
000TTHYA
0060TX48
00801TXY8
00L07TXy8
0090TXY8
0050 T8
00H0THYE
00£0THY8
0020THY8
00TOTMYE
0000TXiE
00660Xyd
0086048
00L60%48
00960M48
00560448
00h60NHY8
00£60M48
00260My8
00T60MH8
00060X%Y8
00680348
00880448
00L80X48
00990X48
0058048
00480Xy4d
00€80Xy4d
00280X48

({(h) XY+ (C) XA¥I) % (T) YWY+ (2) X3+ (TIX4YI = 201S
(h¢TIOST YD

(M) 1Z2Z=(W)Z~(L081)Z2+(1081)2
(1091)2=(1081)2=(M)122+(T+W)2
(W)Z=(M)122
(M)NZ22=(T+W)2

TBdWL*a
TOJINL*D
T0dinl*8
TOdWL*VY

(h)x443
(g)x443
(2) %443
(1) x4¥3
a
o}
2|
v

Hnuit

nwunun

(LY dX3 = Xyvax
002 0L 09 (0°09~ ‘L7 1v7) 4JT
LY IVIRG 0= = (YT

WNASIS/A = LYT

ght002¢002

(291S5) 41

LhT4002¢002 (MWNADIS) IT

to1s/0°

T = TodWl

29ISxHT2HTH'T = TOLS
(2¢W!X)IYWOIS 7TV

002 0L 09 (6 *B3°* N) 41
(24SXdSVOALOXA¢XW!N)OHO0D TTYD
d0L114¢408T=W 002 00
41300W ‘1300W NOILISNYYHL N4 34L 40 NOILYINDTIYD

g2tT 01 09 (6

‘3IN* N) 4T

0 = sl
0hT 0L 09

0Tg 0L 09 (T °*P3* SI) 4d1

3NNTINOD

(XOISkd2HOS) / (M) yvanx{r)soa = (rHN0d

L2T 01 09 (TodWi *39°

821621621

3NANILNOD
(X91S) 41

X9IS = (2)9NV
OMIYYEN = (T)ONY

3NNILINOD

gyx(r)soa = (r)sod
((TWIL=TOdWL)*YQGWVI=)dX3 = aY
L2T 0L 09 (WIZ °*19°*
TWIL®Y0®0°0 °*31° YOBWvY1) 41

(Mx)Z) d1

(TOAWL*AYIAA=)dX3*(F)SOA = (r)Sod (00 *19* AVI3Q) dI

(J3YA+YIA) * LY xOUYIS = (1) SO0
OMIYYEN/X = Todul

8h1
LhT

0h1

aet

oeT
621

8271

*2271
*121
*021
*6TT
*qTT
*L17
*917
*CTY
*h11
*CT1
*2T1
*TT1
*OTT
*607T
*Q0T
*/07
*90T
*G01
*h0T
*¢0T
*20T
*T0T
*007T
*66
*Q6
*)6
*96
*G6
*h6
*CH
*26
*T6
*06
*68
*08
*.9

.%QQ

*G8
*HhQ
*C8
*28

C-49



00€9TXy8
0029144
00T9THYE
0009TX48
006GTHXH8
008GTHYE
004GTXYE
009S5TYu8
00SGT Y8
00hSTHYY
00eSTHYE
noesTHYE
00TSTHYE
0005THAE
0064THY8
0084 THYE
00L4TMyE
009HT X8
00SHhTHYE
00hhTHYUB
00eHhTNYE
002HT XY
0OTHTNYE
000HTXYE
0062 TXHG
008€THYS
00LeTHYE
009gTHY8
00ceTHYE
00HeTHYE
coeeTHYE
002 T X8
00TCTHYE
0oogTHYE
00621 %48
0082TX1yg
00L2TXyd
0092TXu8
00S2TXEY
00h2THYE
00e2THYE

ANNT LNOD

212 0L 09

0°0 = 25

TTI2¢0T740T2 (MNXOIS) 4

ANNTI LNOD

((TWIL=(T=M1I)LSVLI+20dWL)*VQAWY =) dXIA*TS = TS

G6T 01 09 (WITZ *L19°* (W)2) J1

GET 04 09 ({T=MII)LSVI+2DdWL IO TWIL HO®0*0 °*3°* vYQARYT) JI
(20dNL*AVI30=)dX3I*TS = TS (0°0 *19* AYO3IQ) 41
20LSkXuYAX* { (UNADIS* (ANIHYBN*H2HDSA02)/ €01S*(W)D) = TS
(4r)HveEn/X = 20dwl

(2%*% (ANADIS/AV %G =) dXT = XHVaX

({W)Z=(T+W)2Z)/0°T = ¢nIS

C3NNTAINGD

06T 0L 09

(TIYWRYO*D = 9

0 = 4
. 4=3
((H)XAHIA+ (I XYY #9+( (2) XAUI+ (T I XJYI)Y#4+4201S = 201S
{(44T)0ST VD

TOINLx(2S=0) = (4)x443
TOdWLX(J428) = ()xdu
TOdWL*(2S=8) = (2)xdy3
TOdWLx{V42S) = (T)xXdH3

((H)XAY3+ (C) XAUI) *3+((2) XU+ (T) XAHF) #44201S = 2015
(h¢T)OSI VD

TOdWL* (25=Y) = (2)Xd4N3
TOdWL* (8+2S) = (T)x4y3
1 = 731

G8T 0L 09 (0°C~ *11° (H)X443 *aNV® 0°C *19° (£)X4y3) 4T
GGT 01 09 (0 °*®3* 141y 41

TOdWL*(25=0) = (4)xd443
TOdWL*(0+2S) = (g)xdy3

£Sx1S = 25
0°2+1S = 1S

0 = 741

%4 =2 9

(TIVWRWYD = 4

0°T = 3

’ (1081)2=(T+d011)Z = ¢S
0°0 = 15

112
ote
G61

061

Ga97

GGT

08T

*C9T
*291
*19T
*09T
*66T
*8G T
*2GT
*0GT
*GG T
*HS T
*CGT
*267T
*1G1T
*0GT
*6h1
*Q4T
*L4T
*94T
*Gh T
hiT
*ChT
*241
*THT
*04T
*60 T
*a¢ T
*LET
*Q¢ T
*GCT
*he T
*0CT
*20T
*TCT
*0CT
*621
*921
%121
*921
*G2T
*heT
*C21

C-50

e e



0028TXY8
00T8THYE
0008THYE
00621148
008.1T%489
00LLTHYE
009LTHY8
00SLTHYB
00h.LTHYE
nogLINug
002,1TX44
00TLINYE
000LTXyd
006918
0089TYY8
00,9TXy8
0099TXY8
00S9THY8
0049 THYE

ON3

N¥NL3Y

3NNTAINOD

. (TYONV/(2)ONY*e*h = (MIWLSSYd
(T)XIUAx (AVWIL/Z(r)S0a) = (PINOIAY
(T4T)0SI ¥D

((2)ONV%TL2H828°2) ZAVWIL*(TIONY = (T)xd443

T1¢ 0L 09 (0'0 °*37° (r)soQy 41
TTC OL 09 (0°*0 *31* (2)onNV) JI1
00 = {(rYWisSyd

0°0 = (MINOIAY

3NNTINOD

HNXOIS = (2)ONY

(driIYvan = (T)ONVY

3NNTLINGD

2S+(PINOD = (MINDI

1S+(MS0Q = (r)soa

3NNIINGD
((ANXOIS*d2ydsS) / (4r)¥VaN*Ts) = 2S

T

0

0

N

T¢

T¢e

02

*2871
*TRT
*087T
*¥6L1
*QLT
*LLT
LT A
*GLY
*h{T
*CLT
*2LT
*TLT
*0LT
*6971
*Q97
*/91
*991
*Go1
*h9T

C-51




00040430 (2°0) %+ (NONYL/NAVLI #(1)NVOIS = (1)dVIIS 6

006£0d430 (T+1)2 (L06¢9) 31TuM
"008g0d30 6 01 09 (ZNN *171* I) 41 @
00,£0d30 ~ﬁ+uvx<hmzh.*mv (I)VL3BY (LI VHSIV (1) 02Z91S¢ (1)0A9IS* (1) AT13AT
009¢0d30 $0IIXT3AS LTI (T+IINIOIS (TH+IINVOISI (T+I)MuvENIT (906¢9) ILINM
006¢0d30 3NNTLINOD L
0040434 e 0L 09
00€€0d3a (THIIUVLIHL (1) ZOHONYLeRNYL (T)WVLAHL 62

002€0d30(1)VLIA¢ (T)VHAIV (1)0Z91S (1)0A9IS (TIATIA (I1IXT304(T)O¢ (T+T)INIDIST
00TE0d3A ¢ (IINIVIS(T+IINVOIS/ (IINVOIS(T+T)INUVENY (IIHUVEN!T (006¢9) JLTIHM

000£0430 L 0L 09 (T *49* 1) 41

00620430 SY3LIWYHYd LNdINT LSIT

00820430 ZNN¢T=I 0T 00

0020430 0 = YoM

00920430 (S06¢0) ILTyn

00520430

00420430 ONLSIL YI9IINT

00£20430 VAOWYT4 1 MW TY3Y

00220430 (LSVYX4¥HLA) FONIVYAIND3I

00720430 (T2)¥HLA NOTSNIWIO

00020430

00670430 | .

009T0d3CANNOYS LY NOILISO43A IYNOILYLIAVHO SILVINDTIVI INILNOUONS STIHL *kkx.
00,10d30 () XWYAI {SSANL
00910430 LA (ZIIWILT¢(2) 3LV CHZY ¢ONY! (THe THINASA! (TH)MNYOIS (TH) ¥NIDISO
00570430 $(2H)ONY ¢ (TH) MNHJIY 4 (TH) WNYLIB (T4H) UNUYENY (TH) AYYEA¢ (THIASAG
004T0d30 ¢OMNSTIOW TWT CSANT T (GIMSHY (ST)STAOW ZMSN ¢ L LLN40AAN ¢ DIIN%

0ogt0d3a SLINCQQNIINY (02) YWWYD ¢ MNADTS ¢ LY IOXN ¢ HYEDS ¢ XUYEX  d3AY T T YMAWE
00270430 *YMDD UMD AP ENNXDIS (TSI LSYXLOBIVHOLTIZNNQYYIMIT QYL C0LS 2NLS2
007710430 TOLS!MUNIPITIHLI T J2UDSIXDISIADISZOTISONVId dAUAHIAN (02) 01307
000T0d304(02)VLIHL(02)d391S¢(02)dHLTNAA (02) VOIS (02)HVEN /SWYHYH/ NOWWOD

. 00600430 amavm<uz<z.maz.no«vmh.upz.aomvm<zz<0.~o~v4<kmzh.h

00800d430(0T)139IS (0TIVOIS(OT) WYAN Z4I0NYLIINYLY (50)1L38¢ (G0) TTHJIV * BHO
00L00d30¢ (02)82Y¥3d¢ (02)8AYNIIV(02) U (02)SA (S0)HOLN (G0)108R¢ (S0)LISYLG
00900430 ¢(0T)ID¢(0T)IQIVAGWY T TWILIWINZ4AYIIAY (STIAOWZT I {0h)1ZZ ZYIX ! ANIXH

00500434 $Z8X ¢ AUX P HONONVLONNY LY (OT) MVLIHLCAVIWT L *%HZ¢ (02) VL38¢ (02) YHIIVE
00400430 ¢ (GT)0291SY(GTIOADISY(GT)IOXOIS! (9T)NIVIS(QTINVOISE(9T) HuVanz.
ocog00d30 $(GTIDE(GTIATIQY(STIXIAA(STIZ (Th)AA (TH)XXOANSANISLANINANT
00200d30 “ION¢ION‘SZN¢SAN!SXN! (ST)dINSI $(2TIONLSAL /LWYHYd/ NOWWOO

60700430 S0430 3NTLNO¥ANS

VOO

*0h
*6¢
*Q¢
*.C
*Qg
*GQ
*Hhe
*eQ
*2¢
*1e
*0¢
*62
*92
*Lle
*92
*Ge
*H2
*0e
*2¢
*T2
*02
*67
8T
LY
*91
*GT
*H1
*CT
#27
*11
*0T

*8
*L
*9
*G
*h
*¢
*2
*1

C-52




00780430
00080430
006.0d30
00820430
00L20d30
00940430
0050430
00440430
00£20d30
00220430
00T,0d430
000,0d30
00690430
00890430

00£90d30.

00990d30
00590430
00490430
00290430
00290d3d
00190430
00090430
00650430
00850430
00450430
00950d30
00850430
00+450d3d
60€50d30
002s0d30
00160d30
00050430
00640d30Q
00840430
00.40d30
009+10d30
005t0d30
00ht 0430
00c40d30
00210430
00TH0d3a

7NN = YYIN
T = WYIN
INNTANOD
N¥NL3Y
(1I)SA (£0699) TLTHM
GC 0L 09 (0°0T *31°* (II)SA*MHO*Z *mM3* 4r) d1
. dViIN!T=1I1 ¢4 oQ
BAN = dYIN (2 *D3* d4ry 4%
SAN = dYIN
OYAINOVINZAPr €2 00
VAN (T *DI* ZNNANY®O0 °*3T° BANY dT
2 = AVIN (0 *19° aAN) 4J1
T = °VYIN
T = aYiN
0°0 = (P¢TIINC3O
SXN!T=I 0¢ 00
. SAN‘T=2M 0¢ 00
Avdx (MIYHLO = (NIWHLN
SZNY2=N G2 on
3NNTAINOGD
S+(MPIASA = (PYAA
SANfI=r 22 00
Th = SSAN
THh = SAN
(o0*00C*sS)A0NY = 5
(0*00g¢S)YA0ONWY = m
0°0QT+(ZNN) LYOId/(SZNINHLA*G* 0+ (TIVLIHL =
¢2 0L 09 (0 *19° SAN) mH
SAN = SSAN
(T=N)JHLT3A+ (T=NIYHLIO = (N)VHID
mNz.N N 0z 00
0°0 = (T)IMMILQ
OVY*(0*N8T=(TIVLIIHLY = 13HL (0°08T *39°* (TIVI3HL) d7

Ovy*(0° 08T+ (TIVLIHL) L3HL (0°08T °*17* (T)VI3HL) JI
(TIMVLIHL (TIVLIHL
3ANNT INGD

(BANYTZI¢(I)8IY34T/ (2)AAII) ‘BH (806¢9) I1Tym
2T 0L 09 (0 *31* aaN) 4T

(SANT=T4(T)dYWAYDT) (206¢9) 3ILTHM
(SAN¢TII¢(I)DY3d¢1¢ (1)ISA¢T) (T06¢9) ILTum

\ 3ANTLINOD

Ge

0¢

ge

¢ce
ce

oe

1

0t

*19
*0Q
*64,
*82
*/ .
*9/),
*GL
*hl,
*C
*2/L
*T/
*0L
*69
*99
*/9
*QQg
*GQ9
*h9
*0Q
*29

*19°

*¥00
*69
*QG
*L.Q
*xQGC
*G§
*4Hq
*¢q
*2G
*79
*0G
*6h
*Qh
*Lh
*¥Oh
*Gh
*hh
*Ch
*2h
*Th

C-53




00221430
00T21d43a
00021430
006171430
00811430
goLTTd3q
00971430
00871d3d
004TTd3Q
00€T 1430
00211430
00tTT1430
00017430
00607430
00807430
00L01d3d
00901430
00501430
00%01d30
00£01d3d
0020Td3d
00T0Td3d
00001430
00660430
00860430
00,60d30
00960430
00560430
00460430
00£60430
00260d3Q
00T60d30
00060430
00680430
00880430
00.80430
00980430
00580d30
00480430
00280430
00280d30

(THdINIS*SX= A

IHd=-2L0€GBTEB2°9 = IHd (9¢G926STHIE *19° IHd) 41
(((ZI)ONV+L3HL)=dSV)SAY = I4d

IOXNT=21 0L 0N

TL 01 09 (6 *®B3* N) 4T

(TISXAdSY(PIAAS (IIXXEASXTNIDYO0D TV

_ SANCT=r T2 00

SXNT=T T. 00

3NNTLINDD

(hOAWQANQZ2T 42 AN NN (2T)T127)dOS TV
(2CAWOIHHENZT 420 ANA NN (27171271 dOS T11YD
(TOAWQOANGAWQT 424 (ZIINNYOIS NN (ZT)127)d9S 1YD
(T¢AWOCAWACANGI T4 (2T XNIOIS MR (Z21)7722)d9S 1D
T101S = (21)727

NHA+TIO0LS = 7T0ULS

IOXN¢T=2Y 09 0N
gH = MHN

0'0 = 10!LS

T = I0%N

GG 0L 09

(¥M¥2 = t0l1S

(TIXNYLVOTIA/Z LINMY Z=(T+NN)2Z) = MHO
TOXNNNCITISA (60679) ILTuM (T *H3* 4 47

04 = IIXN (0h *L9* IHxN) 41

¢ = IOXN (g *17°* IoxMN)y 41

0*T+S = IJXN

WHAZ LM 2=(T+NN)2) =

0°0T = MHA (0°0T °*L171° YHA) dI

(MHENZ (TT)ISA+0° T) LUDS*HYRDSK { T) MNIDISH*UNIIVY = MHA
NOTILYINWIS 32HNOS ANIT NI S3JUN0S °*ON INTWHILIO
(20 AWAMHBN 21020 AW WIS dO9S T1IYD

(TOAWO AWAAWCTI T (TIMNIOISUNISI49S VD

O ZH(eeeeeee * LM Z=(T+MMIZ)) = §

T =21

05 0L 09 (2 *©3* 4r) J1

HYINSHYLIN=NY 22 00

NN = UYIM

Sh 01 09

. T=YYIN = YYIN

, 0 OL 09 (2 °p»3* 4y I1

K ch 04 09 (0 *37° gaN) 41

0o

Gq

0§

Sh
Oh

*221
*121
*027
*611
*8TT
*L11
*OTT
*GTT
*Hh11
*CTT
*21T71
*TTT
*0T1
*60T
*90T
*L01
*a01
*GOT
*H07
*CoT
*2071
*T0T
*001
*66
*26
*6
*96
*G6H
*h6
*C6
*26
*16
*06
*68
*R8
*.8
*99
*G8
*h@
*og
*29

C-54




00€91d430 Crkkdx NOILISODIO TYNOILVLIIAVYO #kkxkHOR IXgH ! THT) LVWHOL GO6

00297430 (h*64'=SA ‘0T 3NYA 3T
00T9Td3AgYMOTIV WNWIXYIW 030339X3 SVH SA kkkkskk HONHI *kkkkxHLQIOHT) LVYWNOS co6
00097430 (00 IH2¢Q°GA=(H242T ¢ ) dVWWYIHL) L XT)) LVYWNOd 206
00651430 (( ¢H2IG0Tde

008GTJ3A*=(H22I4)0U3d ¢HLG OTHA¢=(HS¢2I¢)SA ‘HGIG*OTd=(H2¢21¢)du3d ‘HLIG2
00L6Td30°0T4=(H2!2I¢)ISA *‘HG!G*0TH=(H2¢2T¢)0¥3d ¢‘HLIG*O0TA/=(H242T¢)SAHE ‘XY
009STd3AT)/( 4HZ!G*0TI!=(H2¢2T¢)DH3d ‘HL!G 0T4!=(HZ*21¢)SAHE)C'OHT) LYWNNL T06
00657430 (¢*84=d0l LV MVYI3HL ¢HOT‘q
00451430 £'6di=Z Hhse'gd¢=HoNYL ‘HBlced =NV
008GTd3AL ‘HL!E*8d=WO0LL0O LY MYLIHL ‘HET!T*Hd4=v1i38 ‘HLIT h4'=VHATIV ‘HQ 44y
002G¥d30°64¢=0291IS *HB'h*644=0A9IS HL/8°4TI!=A3Q ¢HL*8°4T3¢=¥T130 ‘H Q' qT¢
00TSTdIAI=0 ‘HH!G°B4/=dal LV Y29IS ‘HST!G*84¢=W0LL08 LV MIOIS HLT/G*8d4¢=d2
000STd3A0L LY MVOIS ‘HGT¢S°B4=W0LI08 LV MYOIS ¢HIT Hh'gd¢=d0l LV MYYEN ¢HGT
0064Td3ATH°8A¢4=WOLLO08 LV MHVBN ‘HBRT?2I¢ HIAVT SINGNI VIV xx*0HEZ) LYWMO4 006

00841430 NYNL3Y
00L41d430 ANNTINDD 06
00941d3d 0°0 = (PITING3N
00Sh1d30 SANT=P 06 0Q
00HhTd30 SXN'T=1 06 00
00gHhTd30

00241434 (TYLMdNT9 VD
00THTd3d (1)Z2 = (T)122
000#Td30 9 = SW
006¢Td30 ({PITINDIAUTIXWYAD) TXYWY = (TIXWYQD 09
008¢T1d30 SSANTI=r 08 oa
00LgTd3d SXN'T=I 08 04
009¢1d3d NOILISNGAQ AYNOILYLIIAYYO LNdLNO
00SeTd3ad ANNILNGD ¢4
00hE£Td3q 3NNTINOD 22
00¢¢Td3d 3NNTLNOD T2
002¢1d3a ANNILNOD 0L
00T€Td3q d3a+(M*I)INd30 = (Mr4X)Nd3N
000eTd30 (AWG) dX3%d430 = 430
00621430 0L 0L 09 (0°0g~ °*L17°* AWO) JI
00821430 2% (MNAOIS/A)*G*0= = AWQD
0042Td30 0L 0L 09 (0°%0 °371° MNAOIS) dI
00921430 (COXCANQOZI 424 ANT AN AN LIS VD
0052Td30 0°0 = 4310
00421430 0L 01 09 (0°0 *371° X) 41

00geTdaa

(IHd)SO0J%SX= X

*COT
*297T
*197
*097T
*6GT
*951
*LG1
*9GT
*GGT
*HGT
*CGT
*2GT
*1GT
*0GT
*6HT
*Qh T
*/ 41
*0h T
*Gh T
*hhT
*CH T
*ZHT
*THT
*0hT
*6¢T
*RCT
*LCT

*9¢T

*GeT
*het
*¢eT
*2¢T
*TCT
*0¢eT
*621
*0271
*L21
*927
*G27
*H2T

*e2T.

C-55



00541d30 aN3
00427430 | . (91¢= T
00£LTd30S30YN0S 40 *ON YHET42I¢ *ON HIAVT 'HIZT!H°84/= SAHH!XOT!OHT) LVWNO4 606
00221430 (( ¢HZ1G*0T4'=(H2/214)@I43d ‘HE*G* 0Tz (Hae

00TLTd30 “2I¢)8A ‘HG¢G*0TA=(H22T¢)BIH3d *HB'S OTI¢=(H2*2T1¢)BA *‘HG¢G*0T4¢2
00047d30=(H2¢21¢)8OU3d ¢HR!S*OTA=(H2I2I)BAHE!XT)/ ¢H24G 0Td¢=(H2¢21¢)9D41
00697d303d ‘HB!S 0TH*=(H22I¢)AAHE¢H0T4¢=8H LSUNG 40 LHOT3IHHETIYT) LYWHOL Q06
00897430 (H°0Td4¢=d0L LY Z HOT'XT) LVYWMO4 LO6
00491430 (g°Rde=d0L 1V NVI3HL HGT/g*64¢=2 ¢HpeT'¢
00991d30hd¢=v138 ‘HL¢T hd!=VHJTIY ‘HB¢H*64¢=0291S ¢HRHh*64/=0A01IS ‘HY!B HTA2
00S9Td3A=A130 HI/8*HTA4=X130 ¢HL!R HT3I =D ‘HH!G*G4¢/=d0OL LV UIAIIS ‘HST¢GaT
0049Td304¢=d0L LV WYOIS ¢HGT¢Hh*R4¢=d0L LV MHVEN ¢HGT2I¢ ¥IAVT OHY) 1YWHOd 906

*GLT
*hl1
*CLT
*2LT
*TLY
*0LT
*(OT
*R90T
%1971
*997
*GOT
*4H9V

C-56

e - e




000h0OHSM (dryyvan = v

006COHSM (24ANIXIVYRNOYS YD
008EOHSM 0L O1L 09 (6 °*B3°* N) 41
00LgOHSH (24SX4dSY (L)AL (TIXXEAIXONNIN) YOOI VD
009¢0HSM 0T 04 09 (6 °*3N' N) 41
00SCOHSM 0¢ 0L 3@
00hTOHSM TWIL =
00EEOHSM ADIS = m
002E€0HSM {(X¥)dvan = v
00TSOHSM (TINWIXIVYWOIS 1Y)
000 OHSM 0L 01 09 (6 .°03* N) 41
00620HSM ne 0L 09 anPH ATOUNCANY UM 31100 ANV 0 *IN"HEANY 4T
00820HSM (TISX4ASY I (MIAACCTIIXX A ONNIN)OHOO0D JJ«J
00L20HSM . 0°'T = 13
00920HSM 0°'T =0
00G20HSM 0°'tT = 3
00Hh20HSM G T130Q0W = NOILISOd3Q NOILVIIHIO3Yd S3LVINIIVI 3INILNOYENS STIHL
00€20HSM ONLS3L ¥393UINI
00220HSM VABWYT T OUMdAW Y3
00T20HSM ((L)UNIOIS9) ¢ ((9)UNIOISI) ¢ ((G)NNIOTIS QY (T
0002O0HSM(h)INNIZDISI) ¢ ((CINNITTSB) ¢ ((ZIMUNIDISY) ¢ (MNIOISIgMSI) 3IINIVAINDI
006TOHSM (NOHSYM ¢Nd30) 3INIIVAINGA
0NBTOHSM . (T¢THINOHSYM NOISNIWIQ
00LTOHSM (€)XWYQIISSANL
009 TOHSM LA (2)3WILTI(2)ILIVOT *NZVIONY (TH!THINDIO! (THh)MWNYOISH (TH)MNIOIS9
00STOHSM ${2HIONY I (TH)UNHATV L (THINNVLIG? (TH) WNNVEN ($4) AUYBAY (TH)ASAS
OO0HTOHSM COMNSTIOW TINT ¢ SANITV (G)MSH (ST)STIO0W ZMSN LLINYQAON* 2IINK

00CTOHSM CLANYGONYIDON¢ (02) YWWYO IUNASTIS LY IDXNHYADS ¢ XYYBX ¢ 430 TT *YMdig
O0ZTOHSM ‘UMAD ¢ UM ¢ AP UNXDISY (T2) LSYXL0AT ¢dOLT ¢ZNN¢AYYNTTIQYL4001S20152
COTTOHSM CTOLSHUNINETIHL €11 42HOS XOISIAQISIZOISIANY3d ! 43HAH3A ¢ (02) N30T
000TOHSM* (02)VYLIHLY (02)d391S¢ (02)dHLT3A (02)dVOIS (02)IHVEN /SWYHYY/ NOWWOD
00600HSM (2T)SVONYNISANC(OT) IL¢TIN (02) dYWAYO ¢ (0T)IVLIHL ¢,
00QOOHSM(OT)139IS (0TI VOIS (OT) VBN IYZ0NYL4INYLY (G0) 14384 (S0) THAIY 4 Ho
00LOOHSM? (02)8243d* (02)8AHNIIV ¢ (02)JU3d* (02)SA(S0)dOLNr¢(g0)L108r¢ (G0 LSYLG
00900HSM ¢(0T)XID‘(OT)IAVATWY T THIL WITZYAYIIA(ST)IAOWZY (04) 1224 ZUX ¢ AMHIXY

00S00HSM SZUX S AUXHOIONYLNNY L (OTIAVLAHLIAVWIL ¢MYZ ¢ (02)¥138¢ (02) VHIYE
00H00HSM $(ST)029IS!(STIOADIS(STIOXOIS! (9TINIVIS (QTINVIIS! (9T) HYVYaAN2
O00COO0HSA C(STID(STIANIAY(STIXI3A (ITIZ (THI AR (TH) XX IBANISANISLAN MENT

00200HSM ¢IDNIION!SZNISAN!SXN¢ (ST)HINSI (2T)ONLSIL Z7LWVHYL/ NOWWOO
O0TOOHSH LHSYM 3INTILNAOYANS

02

0T

*04
*6¢
*Q¢
x) ¢
*9¢
*xge
*he
*eQ
*2¢
*T¢
*0¢
*62
*Q2
*12
*92
*Ga
*h2
*x¢2
*22
*12
*02
*67T
*91
*) T
*97
*GT
*hi

*QT

*21
*T1
*QT
*6
*R
*
*9
*G
*h
*¢
*2

*T

C-57



00290HSM
O0TQOHSA

N3

00090HSM¢=AA ¢HS¢C*0Td¢=XX 1V NOILISO430 NOILVLIISIOIYd *** HOg!OHT) LYWMHOS

006G OHSM
008G0HSM
00LGOHSM
009G 0HSM
00SSOHSM
00hS0HSM
00CSOHSM
002G0HSM
00TSOHSM
000GO0HSM
006H0HSMH
009H0HSM
00LH0HSK
009h0HSM
00GHhOHSA
00hHOHSM
COCHOHSA
00240HSH
00THOHSA

NMAL3EN

JkIx ( (GxY*G2HOS) Z (NN OxYOAWY ) + (P4 IINOHSYM = (N4 TI)NOHSYM

((9=Y/X)*YQ8WY =) dX3 = 3

09 01 09 (T *0©3* (4H)dINST) 41
(3)dx3 = 13

0L OL 09 (0°00= *17* 3J) 41

3x3%G°0~ = 3

a/k = 3

0S 0L 09 (g *»3° (M¥MISTO0KW) dT
3 (X)xx (0R‘9) ALTym

3+0°09¢ = 3 (0°0 °*L7* 3I) 41
(0°09g¢(r)AAIO0ONY = 3

0h OL 09 (T *®d3° (4H)dI¥SI) JT
0t OL 09 (V/(X9ISxGT*2=x) °L7* 9} dI
0L OL 09 (0°0 °37°* 8) JI

0L 01 09 (9 *17° Y/X) 47
WNXDIS = X9IS

(T=MII)LSVI-TWIL = 9

MNA9IS 9

3}

(/%%x QILYWILSI H3A0 38 AVW HO2/€°0T4T

08
. 0L
09

0s
0h

o¢

*29
*19
*09
*6G
*9G
*LG
%98
*GG
*hG
*Cg
*26
*16
*0G
*6h
*Rh
*Lh
£9t
*Gh
*hh
*Ch
*2h
*Th

C-58




000+h0L1d9 h2 = ¢AIN
006£01d9 L = AN
009€0.Ld9 #T = TAIN
00,£01d9 eT = 211
009€0LdD L = 211
00G£0Ld9 T = 111
00HE0Ld9 | g = wp
00££0Ld9 Z(S*HE 4k W/IDASHI 1OW)  HG ! (HT ¢ CH*/OHG W) Ho ¢ (4T
002€0Ld9¢SONOIIHI¢S) HO ¢ (HT 4935 WdH‘d) H9¢ HT¢ (WddIHG¢ HT/LINA Yiva
00TE0LdO JLS/SW¢/ HI/dSP*/0HT/EST YLYO
000€01dO C ONYLEYWANY (T
00620Ld9TH) TA (TH) IX/ (THIOE(TH) D (THIBI (THIV I (THI X (Th)dA /LdAXAX/ NOWWOD
008201d9 IZIDAIZIIXCNPXYWA CNCXYWX A RST /0714 d/ NOWNOD
00L201d9 TIZTSA/T3ZISXT
00920Ld9 ‘ATIS4X1IS AUYHI ¢ LH TIWEA ¢ TWIXENTWA 4 XYWA P NTWX ¢ XYWX /SLTdTI/7 NOWWOD
005201d9 VA IdX ¢ dOLA ¢ LOBA ¢ LATX LTHX /SANG/ NOWWOD
004204d9 CIXOXT) ¢ (UNYLIBINAA) ¢ (MNIOIS4EA) ¢ (INITANYEL) FONIIVAINOI
00£201d9 (GTYLINAY(2)TTAO (2T HrT
00220Ld9 ‘OTP¢(STIGN (QTIBL4(SI LN (ISP (BRIEr (H)2M 4 (6)TM /787119717 NOWNDD
00T204d9 VOaWYT Y3y
000201d9 (OT)ININ(OL)3NITIN NOTSNIWIN
006704d9 (TIXTCTITHINGO (TIBA (TIINIT NOISNIWIC
008T0LdO SNOILYINIIVO WYHOO¥d TV 40 ONILNIHd ST0HLNOD WYMOOH] STHL
00L701d9 (€)YWYOIISSANL
009T0LdD 1A (2YIWILT(Z)ILVOTINZYONYY (TheThINGIQ* (TH)INYOTIS (TH) WN391S9
00ST01d9 C(2HYONY ¢ (TH) WNHATY ¢ (TH) MNVLI (THINNEYEN? (Th) AYYOA Y (Th) ASAS
0OHTO0LdD ¢OMN4STIOW TWI YSANIT (SIMSH (ST)STQOW ¢ ZMSN ¢ LLIN¢IAAN¢ IIIN%

00€T0LdD CLINYOANIIIN¢ (02) YWIWYO I MNADIS Y LY TOXN ¢ HYBDS ¢ XHVEAX 43T I T ¢ MMAWS
002T01d9 ‘UMD UMD SN 4UNYOISH(TS) LSYX 10O ¢ HdOLTI 4 ZNNIQVH ML 0L c0L1S 20152
00TT0LdD ETOLSMNINIT eHE e 424DS ¢ XIS A0IS¢ 291G IaMYId 4AUA YA (02)NT30T
000T0LdO¢ (02)VL3HLY (02)Yd3IS(02)dHLTIAY (02)dYOIS(02)¥VEN /SHWYHYL/ NOWWQD

006004d9 (2TISYIMYNISAN (OT) TLYTINC (02) dYWWYO I (0TI TYL3HLYL
008004d9(0T) OIS (OT)IVOIS (0T)THYBN NHZ210NVLINYL ¢ (S0) L3064 (S0 ) MYV ¢ 9Hg
00L00Ld9¢(02)8243d* (02)BAYHNIIV(02)43d (02)SA¢(G0)dOLNr ¢ (G0)Y 10BN (SQ) iSYIg
009001Ld9 *(OT)ID‘(OT)IAYOAWY I TIWILIWINZAVYIZQ(ST)AONZI(0h)12Z¢Z2UX ANIXY

005001d9 IZUXAUXTHOIONYLINNY L (STINVLTHLAAVRIL‘MHZ ¢ (N2)V138¢ (02) YHIYE
00+00Ld9 1 (ST)Y0Z9IS!(STIOADIS(GTIOXOTIS! (IT)INIVIS (QTINVYIIS (3T) HYVAN2
00g001d9 C(STID(STIATSBAY(STIXZA(9TIZ (THI AR (TH) XX BANISANIS LN I MANT
002001d9 ‘ION/ION!SZNISANISXN! (GT)JINST ¢ (2TIONLS3L /1RWVHVH/ NOWWOD

00T001d9 (%) L¥dN39 3NILNOYANS

*0h
*6¢
*Q¢
*Le
*9¢
*Ge
*he
*¢e
*2¢
*T¢
*0g
*62
*Q2
*L2
*92
G2
*H2
*02
*22
*T¢
*02
*67T
*Q1
*L1
*07
*GT
*H1
*CT
*21
*TT
*0T
*6

*q

*L

*9

*G

*h

*¢

*2

*1

C-59




00180.Ld9
00080Ld9
006401d9
008201d9
00LL01d9
009201d9
005204d9
00420Ld9
00€£01d®
002L01d9
00TL0Ld9
000£01d9
006901d9
00890.1d9
002901d9
00990.1d9
005901d9
004901d9
00€90.1d9
00290.dd
00T90.4d9
000901d9
00650.Ld9
00850Ld9
00L504d9
009501d9
00550Ld9
004504d9
00£50.Ld9
002501d9
007T50Ld9
00050LdO
00640.1d9
008501d9
00Lh01d9
00940Ld9
00G+0.1d9
00hH0L1dO
00SH0Ld9
00240.d9

-00TH01d9

3NNTLINOD 92t

(YABWYT4AVI3Q4INTTISANTIAMN) TLLLHd T1IVYD 62T

. : 92T 0L 09
(0°0¢0°0*3NITYSINITAMN)ITLLLINd T1TYD
G21T OL 09 (T °*19°* wWry 3t

0hT OL 09 (SW *17* S3NITY 4T
T+S3NIT = SANIN

SSXNT=I 0GY 00

08 = S3ININ

SSAN = 2N (SSAN *19° 2N) 41

09T Ol 09 (SSAN *19° N) d1

6+TN = 2N
OT+IN = .IN
6= = IN

(AIN4(Q)INSIUNVOISIMSHEWN ¢SH) ITILHA TIVD

(%) S8V VO
(O¢T/SHIMSH)ONIOZH YD

(NNYOTIS!NJIIA¢SSANIITISYNIQIISHISLANT YD

T = 91 (6 *03* SH) 4T

0TT OL 09 (T *A3* Wr) 41

WreT=SH 091 00

0 = 91

INNTINOD

(PYBA+0°09C = (M)A (0°0 ‘LT (r)gA) d1
(0°09C¢{M)AAYTORY = (P)BA

SSANIT=M 00T 00

IYAUILINY H3HOH4 NI A 139

SNOILYINDIVI GINS IVYANID INTYd

04T 04 09 (0 °*37° (T1)dINSI) J1

2=SYN = SSXM

0°09/AYWIL = 1¥dY

3NNILINOD

= N
T= = QADN
T= = 2AON
G2 = TADN
T¢ = TLI

0¢ 0L 09 (0 °*31° (2)MSH) 4dT
02 0L 09

6T = Ti1

0T 01 09 (0 *37° (TImsHM) dI

-t

perx

0tTY

00T

0¢

0e
0T

*1Q
*0Q
*61
*gL
*) L
*Q)
*GL
*H .
*C /L
*2/L
*TL
*0 /.
*69
*R9
*x09
*99
*G9
*Hh9
*CQq
*29
*1Q
*09
*6G
*RG
*)G
*ag
*GG
*HhG
*¢Q
*2G
*1§
*0G
*6h
*Qh
LR
*Qh
*Ch
*hh
*Ch
*2h
*Th

C-60

]
|
|




0022TLd9
0072T1d9
0002T1d9
006TTLdO
008TT1d9
00LTTLd9
009TTLd9
00GTTLdY
004TTLd9
00€TTLdO
002T1TLdO
00TTTLAD
000TTLdHD
006071d9
0080T1d9
00L0TL1d9
0090T1d9
00S0TLd9
0040T.1d9
0020T1d9
0020TLd9
00TO0T.dO
0000TL1d9
006601d9
008601d9
00L601d9
00960.1d9
00560.1d9
004601d9
00£60Ld9
002601d9
00T60Ld9
00060Ld9
006804d9
008801d9
00480Ld9
009801d9
005801d9
004801d9
00€801d9
002801d9

T+21=-01

(C+TTISSANIONINW

(C=TI*T)OXYI

(TIYAAL = (1)dA

(I1)XI = 11

ANNT ANOD

(P4TIINDIAA = YYRWA

r= (1)x?

092 0L 09 (XVWA *37°* (NP¢I)Ng3aYy 41
SSANT=P 0oz o

WNWIXYW OL 3S01D ¥Oo 1Y X3ONT gNTd
0°0 = XVWA

T+2/SSAN = {1)X7

0L2 0L 09 (T °*L19°* Sy 41

{1)¥t = 11

SXN¢T=I ohe 04

3NNTLNOD
(MNVOIS4NGIA!SSANIITISXNBIISHISLANT YD
T = 9T (g *D3IA* SHY A1

0GZ 0L 09 (T *m3* WMy 41

WHeT=SY 0he 0Q

0 = g1

08h 0L 09 (0 *37°* (2)d4INSYy 3t
SNOTLVINDTIVI 3NITYIALINID 1071d HO/ONY LININd
3NNT LNOD

3NNTINDD

(T¢TH!2ISSAN LNOHNAINYLNOLINT 1Y)
C=Tktr = LNOA

SYNIT=1 QRT 04

06T OL 09 (T °*L19° wry 41

ANNTINGD

ANNTIINND

02T OL 09 (SSAN °*L7° 2N) 41
ANNILNDD

(ZNOIN=PE (N ITING3Q) ¢ (IIXX (£06¢9) TLIyn
H+S3ANIT = SIANIT
(AINT=P I (MINNVOTIS) (206¢9) ILTIdM
(SNCIN=P(")8A) (T06¢9) J1THM
24S3NITT = SANIN

CAINAT=P (PINNVYOIS) ¢ (SH)XWYAD (006¢9) 31TYM
0€T 04 09 (¢ *19° SM) J1

nn
hel
-

i
Y]
-

0Ge

0671
0RT

0LY
09t

067
0ht

oeT

*2271
*7271
*021
*6TT
*8TT
*/LTT
*GT1
*GQT7T
*hTT
*CTT
*2TT
*TTT
*0TT
*60T
*8071
*/071
*907T
*GQT
*h0T
*C0T
*207
*T0T
*N0T
*66
*R6
*16
*96
*G6
*h6
*CH
*26
*16
*06
*68
*9Q
*.9
*99

*G8

*h8
*Cq
*28

C-61



Rl et e

N et e S el e =

00£911d9
00291.d9
007T9T1d9
0009T1d9
00657149
00867149
004ST1d9
0096T1d9
00867149
00hST1d9
00€STLdO
0028T1d9
00TS8T1d9
0006TLd9

((PITINDG! (P XWYAI) TXVRY =

3NNTINOD 06¢

(r)YXwvad

ger=r 0S¢ 00
SSXNT=1 0G¢ 0Q

0°0 = (¢)XwWvad
0°0 = (2)XWYQD
0°0 = (T)XWVYQD

08 = S3INIT

(¥)sST39vy7 1Y)

{T424T+MSHIONIOIN VD

02h 01 09 (2 *03* (2)dINST) 4I
SNOTLVYINDVD 3NITYILINZD WNWTXVYW INIud

006HTLAON) I+ (T=LIO*0°2) ¥ ((T=P+21) AA=(I}dA) +(T=M) ) *AIX+(T=M)gX =

008h1LdO
00LHT1d9
009HhT1d9
00SHT1d9
00H4hTLd9
00€HTLd9
0024T1d9
00THTLdO
0004hT1d9
006€T1d9
008€TLd9
00LeT1d9
009¢TLdO
00S€Tld9
00hETLdO
00£ET4LdO
002¢TLd9
00TETLdO
000€TLdO
0062T1d9
0082T4d9
0042T4d9
00921T1d9
00G2T1ld9
00h2T1d9
00€2T1d9

(S=r+21)AA=(T)dA = TdX 0¢C¢
3NNIANOD o02¢

0eg 0L 09 ((T=-rP+2I)AA *17V*

gIeY=r 02¢ on 01¢

XYWA =
Id

3NNIAINOD 04¢
: (99999GaT ** (¥ * (T~PIV+ (T

(SH¢TINGD

(1)dA) 41

062 0L 09
(Sx¢1)INdQ
A= (1)dA

AdX = XYWA
062 OL 09 (XVWA *37° AdX) 41

(9999999T°T

* (X (CIYH(THAI (M) IR0 2Ix L (42T AA=1dA) + (L) BY R AdX+ (P

YdX = Td¥

(T=P+21)YAA=1dA = AdX

ohg 04 09 (g1 °
00¢ 0L 09 ((rP+2TYAA LT

T°0+1dA = AdA 062

1°0=(27
0

0Tge OL 02 (T °I
0he 0L 09 (T *b3
(Y3141 ¢QD¢GeYedX (2T)AAIIN

(T=r+2141)Nd30 =

glet

39¢ ) 41 ong

+N = nr
* dAy dY

YAL = TdA
0 = XVMWA

T=r
9°¢ SM) 41
¢ y3any 4r
I7ds 1V

=r 082 00

Ohe OL 09 (¢ *17° ¢I) 471

(TI*I)Nd3Q =

(SM!I)INJQ

(r)dx oe2

*¢oY
*29%
*197
*097
*6GT
*QGT
*2GT
*9GT
*CGT
*hGT
*¢GT
*2GT
*1GY
*0GCT
*6hT
*8hT
*/h1
*9H1
*GHT
*hh
*CHY
*2hT
*Thl
*0hY
*6C€7
*QCT
*/OT
*9¢ T
*GeT
*heT
*COT
*2¢T
*TQT
*0CT
*627T
*Q27T
*)271
*927
*GeT

*hel:

*¢2T

C-62




00Hh021d9 3NNTAINOD
00g£021d9 ANNTLNOD
00202149 (WPT=r(PTINDT) 1TTdA (TIIXX (606¢G) FLTyMm
00702Ld9 0°09€+1dA = T1dA (0°0 °*L7* dA) 1
000021d9 (0°09C ¢ (I)dA)OOWY = "1dA
00661149 8+S3NIT = S3INIT
0086T1id9 . (CT4TI=L¢(MILINN) ‘(BYLT
00L6TLdO= 4 (PYLINMY 4 (ST ETI=L e (PYLINN) $(2T4TI=P(MILINN) 44MNdX (906¢9) ILTHM
0096T.1d9 (OT4CT=P(P)IEr) 4 LuAX ¢ () XWYAD ¢S, (R064G) FLIYM
00S6TLdO (4L=04(P)CM) ¢ (2)XWYQAI4ASH (L0649) FLTIYM
00v6T1d9 (S4T=L(P)EM) ¢ (TIXWVYAD!AHST (4H06¢9) ILTHM
00€6T.Ld9 (VOGWY T AYIIAINTITT/SANITNAMN) L LN 1Y)
0026T1d9 . 004 0L 09
00T6T1d9 9+S3NITT = S3IANIN
0006T1d9 (CTeTI=Li(r)ICr) (S06¢9) FLTINM
006811d9 (2Y4TI=ZP(M)EN) ¢ (TIXWYADYAST (h06¢9) 31TyM
0088T1d9 (0°0¢0°0*3NIT¢SINIVYAMN) TLLLYHL 1TV
0048T1d9 06€ OL 09 (T °19° wWr) 41
009871d9 00t OL 09 (SW *i7* S3NIT) JI
00S8T1d9 T+S3NTT = S3ANTT
00h8T1d9 0Th OL 09 (0°0 °*37° (TI)MdD) dI
00£8T4d9 SSXN!T=I 0TH 0Q
0028TLd9 3NNILNOD
00T8T1d9 2T = ¢1
0008T.Ld9 g1 = 21l
006.11d9 0T = TI
0084T1d9 ) 08¢ OL 09 (4 *3N® (G)dINSI) JI
00LLT1d9 gc=¢I
009LT4d9 9 =27
00GLTLdO T =17
00HLTLdD 3NNIANOD
00€LT1d9 oge 01 09
0024T1d9 12 = ¢1
00TLTLdD ge =21
000LTLdO 6T = TI
0069T1d9 08¢ 01 09
008911d9 ¢ = ¢1
0049T4d9 ge = 21
0099T1d9 T¢ = 11
00G69T1d9 09c 01 09 (0 '19°* (TIMSH) 4d1

00h9TLd9 02¢€ 01 09 (T *19°* wr) 41

02Hh
0Th

004

06%

098¢

0Le

09¢

*Hh02
*€02
*x202
*7102
*002
*667T
*267
*¥.6T
%957
*G6T
*Hh671
*¢eT
*267
*TAT
*067T
*687
*9eT
*/81
*9RT
*GaT
*Het
*¢et
*287T
*197
*0Q1
*6L 7T
*QL1T
*xLLT
*9/ 1
*GLT
*h/ T
*CLT
*211
*TLT
*0LT
*607T
*89T
*/0T
*Q0T
*GOT
*HhoT

C~-63



|
_

0osh2ldd
00tH2ld9
00€h2ld9
002421d9
00TH21d9
000h21d9
006€21dd
008€2Lld9
00.g£21d9
009¢2ldd
00Sgeldo
00hgeldd
goggeldo
002geldo
007g€2ldo
googeldd
006221d9
008221d9
00L22Lldo
009221d9
00S2eld9
00theeld9
00g221d9

0Lt 0L 09 (0 *37°* L1IN) 41 094

NOTLVHINI3INOD NVIW=3WIL 3INITYILNTD

0Lt OL 09
(GMNAININTUNYOIS/ TA4QBANSSXNY (SH! TINDA4BA) 1d0SST 1V
9*MMN = 4N
(AON¢XMNVOTS¢QAN/ QAN 1A INTTIVSSXNIGA ¢ (SHYTINDC) 10741 W)
0Lh 0L 09 (0 *371° QOQN) dT

39YS00 HO NOILISO43A 3INITYILNID

0L#h OL 09
(QMNAININIVOUNYOTISIIDIDINISSXNY (SH! TINAC*8A) LHOSST T1TYD
9*(MN = OMN
(AONNNYDISQMN4IDINTIDIINTTHSSXNBAY (SHTINGO) LOTTT 1Y)
O0l% OL 09 (0 *37* J00N) 47

NOTLYYINTIONOD INITIHILNID WNWIXVYW LOd

0Gh 0L 09 (0 *L19° (2IMSYU*HO*N *19° (TIMSH) 4d1
SH(0ah0Sh 0hh) OL 0O

9*AIN = ADN

(ADN!(G)JINSTUNYOIIS/MSH AWM ¢SH) ITDLYA VD

(¥)sS7138v1 17YD

(0¢2¢SH¢MSHIONTAIH VD

WreT=SH oLt o0

¢ = We (g *19° wr) 41
(L¥dXCAINZAINYTADN (gllderd(2amiere (TiT)ere (T

00222Ld9¢) XWVQD ¢ (2)XWYND I (TIXWVAI/IWILI#3LVAT ! SYIWYNIWZY 4INY4H) LdLSd 1vYD

001221d9
000221d9
006T21d9
008T21d9
00L72Ld9
009121d9
005T2Ld9
004hT21d9
00gT2Lid9
002124d9
00T124d9
000T21d9
00602Ld9
008021d9
00L02Ld9
009021d9
00S02Ld9

SNNTLNOD

INNTLINOD

((I)BAYOTO0TV = (1)4)
SXN¢T=I g€h 00

agh 0L 09 (2 *3N* mSI) A1

TA = TdA
X = Td¥X
(1)8A = IH

IH+ (%% (TdA=TAY +2x% (VdX=TX) Y LYRS = (1)84
(YU (I)dAISOI*(TIXX = TA

(QVH* (1) JAINISH(T)XX = TX

SXN¢T=I 0¢H OO0

0°0 = 144
0°0 = dX
0°0 = LH

084 01 09 (T *d3* (2)dINSI) 41
SNOILVINDIVD 3INITYILINID WAWIXVYW LOTd

0Gh

Ohh

9ch
ach

0cth

J

*Ghe
*HhhH2
*ehe
*24H2
*THe
*042
*6¢2
*Qe?
*Le2
*9¢?2
*Gee
*he?d
*Cee
*2¢2
*1¢2
*0¢2
*62¢
*Q22
*x/22
*9¢2¢
*Gee
*h22
*¥¢022
*222
*72¢
*022
*6T2
*g812
*)12
*QT2
*GT12
*h12
*¢Te
*212
*TT12
*0T12
*60¢
*R0°2
*)02
%002
*G02

C-64




009821d9 | ((X242°L44%X€)0T ¢ (SY3LT
00S82Ld9INIHE*XT/= (SIIUO3A) ONIYVIE HLINWIZY ~H6Z*Xhh!IONYY HO¢OHT) LYWHO4 106

00h82SLd9 (SYG* QIYD WNWIXVW 3HL ST HI2'C*64!'XBC0HT) LVYWHOS 006
0082149 NYNL3Y
0028cld9 FINNILNOD 0hS
00182149 3NNTLNND 0¢S
000821d9 (VAAWY I AYIIQ WP AININT M (CYJINST AT
006121d9¢SHTT¢NDIQAYYILISSANINGIQCAMN!BNTIINTL L INISXNIAA¢XX) LdOSST TIV)
008.L21d9 0eg 0L 09 (g °*37¢ L1IMY 4T o2s
00L.L2149 0€g 0L 09
009.L2149 (VOGWY T AVIIQIWP CAINIINTI NI (CIDINST Y (AT
00GLSLdD ¢SHITIT {NAIQAYYBAISSANINGIQAMNINITINIQOANISXNIAA XX ) 1HOSST 1Y)
00hicldd nes 0L 09 (0 *37* QON)Y 4T o1¢
00geleldo 0gg 0L 0o
00242149 (VAQRYIVEAYIZ0 WP AADNFINIMNE(CYATINST Y LAT
00TL2LdO¢SHITT INDIAA AUYBASSANINGIQ/AMNINTITINP I IDDINUSXN AR XX ) L40SST TIWD
000L21d9 0es OL 09 (0 *37* J3N) 41
00692Ld9 DTS OL 09 (0 °*19* (2)IMSY*HO*0 *19° (T)IMSH) 4T 00§
00992Ld9 SY¢(02G6¢0TS¢008) OL 29
00L921d9 gxMN = apN
00992.1d9 (PIANTTY = (MININ ceh
006921d9 OMNeT=M G664 0N
00492.Ld9 {AINC{G)JINSTI¢INTINIMSHIWL4SH)IIINLYA IVD
00€92.1d9 {M¥)s138YY 11V
002921d9 {0/CISHIMSHIONIOIH YD
00T1921Ld9 ANNILNOD 064
00092.1d9 (MNVOISINDIQ*SSANITITI*SYNIQsSH)SLINT 1TVD
006G2.ld9 064 0L 09 (T *B3* WN) 41
00862149 WrtT=SH 06 oA
004821d9 ¢ = WP (¢ *19* wr) 4d1
009G62Ld9 . ANNIINGD Ry
00952ld9 (LUAXICAIDMIZAINITAIN (LI ENt(zlIIEPd(TLiTI)ere (Y
00hS2LdOC )Y XWVAD 4 (Z2YXWYND ¢ (T)XWYAD ' AWILT ¢3LIVAI‘SYINYNIWZYIONYIH) 19d1S4 TIVD
00ggeldo G8h 0L 09 (T °*©3* (£)¥dIMST) 47
002821d9 0HS 01 09 (0 *371* (£)JINST) 41
00TG21d9 SHL131940S1 107d
000G241d9 AINNTANQD 084
006421d9 ANNTLINOD 0Lh
008421d9 COMNEAINIBNIVUNYOITSETL L INISSXMNY (SHTINACIEA) 1H0SST 1IYD
00L42Ld9 9%xOMN = MmN
009Htcld9 (AINIMNYOISIOMN L LINTL¢INTVISSXNIBRI(SHITINDTY L0147 1Y)

*0Q2
*GQe
*h82
*xca2
%292
*19¢2
*0g2
*6L2
*Q)2
*LL2
*9/L2
*G L2
*Hht2
*¢le
*2L2
*TL2
*0.2
*692
*Q92
*/92
*Q9?
*GOo¢2
*H0?
*©92
*292
*19¢
*092
*6G62
*NG2
*)G2
*9G?
*GG2
*HhG¢2
*0Gqe
*2G2
*TG2
*0G2
*Gh2
*Bh2
*/ h2
*Qh2

C-65



00T0€Ld9 e
0000£Ld9((£*0TXST)I 2/ C 0T XCT S OTAXTTIC 0TI XR4T 9d¢X2¢T*04XT) LYWNOS 606
00662Ld9  (OVG!ILANIN HLITGA¢NYId WNWIXVW 3HL ST HOZC*6d4¢¥2C*TY) LYWMOI 806
008621d9 (QVGIWNWIXYW 3HL ST HGTec*6diXhhiTV) LYWNOS L06
00L624d9 ((X2¢9YE¢X2)G¢ (S33930) (SYILIW)HeH
00962Ld9T *XT/NOTLYHINIONOIHET X6 ¢ IOYSSYd ANOTIIHET X6 *NOTLYHINIINOIHET !X TS ¢
00S62Ld9ONIHYIBHL ¢ XTT/0N0TD FOYHIAVHET ¢X2T 40 IWILHL ‘XGNYIW-INTS FLNNIW HZ
00h62Ld9LT 4T G44X8IOVSOAHO XCTNOTLYHANIOINOIHET ¢ X9 HLAWIZYHL ! X+ ¢3ONYY KLY
00£62Ld9/%Y3d WNWIXVWHZT ¢ XET  WNWIXYWHL ' XSTYId WNWIXVWHZT XS24 0HT) LYWH0d 906

002621d9 ((22%z
00T62LdOW/ON) (S33¥930) (SYILIW)HHE *XT/NOILISOJIC ONINYIEHHZ 1 XT

000621dOTT/2Y 9V2¢X9HINWIZY  3ONVY HET/MY3d WNWIXYWHZT/XS2?O0HT) LYWMOd Go6
006921d9 TN (gygedivad WAWIXYW 3HL ST HO24g%6deX9E¢TV) LYWHOS Hoe
008821d9 ((X24€°0T4)0TT*84XT) LV¥WyCd coe

00.821d9 (9V9¢X2G) LYWMnd 206

*T0¢
*00¢
*662
*062
*.62
*962
*G62
*h6e
*¢6e
*262
*162
*062
*682
*0872
*.82

C-66




0004040 QHOM/S3LAd XIS SIWNSSY LNIM3LVIS IN3IOAMN3Id30 3NIHIOVW
006€040Y /7°00008¢°000G9¢°0000G¢°00GLh¢°000SHh
008204y 4°0GLEH4°00G2Sh°0G2TH°0000h**0GLBE*00GLE¢*0G829¢C*000GE¢°0GLEEE
00,2080 ¢°0062¢4°082TL*°0000€¢°05.8B2¢°005L2¢°0G29¢C¢* 000G 05LE2¢*00G¢222
009¢0dYaY 4°0S2T2¢°00002*°0CLBT ¥ 00GLT**0G29T«°000GT**0GLET*00GCT*0G2TTT
00se0day 4°000DT*¢*0SLy**00GL**0G29¢°00054°0GLE* 0082 *0G2T**0US/ASX vivd
00hE0¥ay © /°0h¢°GReC0EL2°h2422¢°02 BT 9T hT¢°2T¢*0T2
00CE0UAY ¢°B¢°L4°0I°GE hitI I T 0l Tt it 'Ll * el 'Gt®Qul /=i Qai*OT~T
002€0HQY ¢°CT=¢°HhT=¢°01=?°QT=¢*0T=¢*22=¢ " HhT=¢* /2= 0C=¢"°GL=?Dh=/ASA VIVQ
00TE0HAY . (dIMST¢THZI) 3ONIVAINOI
ooocoyad Ahiﬂvzou.NuHov.Aﬁnﬁvzou.ﬂmuov.ﬁﬁmavzou NY4C(TT)INOD“IZNN) 4 (2
00620HAY(OT)INOD¢W) 4 ((6)INOD ) ((BIMOD!TS) ¢ ((LINOD!S) * ((9INOI*ZNNI) ¢ ((S)INODT
008c0 0y .¥<FZV.AA:V7OU.J<hzv‘AAnvzou.nwv.AANVzoo.NHv.Azou.ﬂHv JONIVAIND3A

004200y (dOLI*S4INYIONIVYALINGI
0092040y FZIDJAIZIDXINLXVHACNEXVIMXINST /07114 1d/ NOWWOD
0052040y MSPUNILSVYIZISAIZISXENIXVWACNIXVIHX 4TS /0SILId/ NOWWOD
00heoday (2)84LN NOISN3WIG
00geoyay (0T) IdW3L ¢ (9T) NdWAL NOISNIWIQ
002c0yay (T)TUZI*(TH)ASX NOISNIWIC
007200y VAWV T/ UMdIW VI
0oocoyad ONLS3L ¥3I9IINI
006T040QY SYILINVYYd H3AVT
coetodad AJVSSII3N S3LVIANIIVD Oz< Vivad LNdNI 7V Sav3y 3NILNoOYENS SIHL
ooLrouqy (€I XWVAI*SSANL
009104QY CLAC(SIINILI(S)ALVATNZVONY (THITHINGIA (THIWNYOIS (TH) MNIDISO
00SsTOUAY $(Sh)IONV 4 (ThINNHDTIV (TH)INVLIA (TH) UNEVEN (TH) AUVEA (Th)ASAS
00HhT0UAY COMN/STOW TWI *SINIT (SIMSH (ST)STAOWSMSN ¢ LLIN¢TAAN DOONH
o0ctTouaY “ALINCGANSIINY (0Z)VYWAYO UNAQIS ALV IOXN YV DS ¢ XYY EX ¢ dZiQ I 1 4 UMdINE

002T0UCY .msmo.msaa.u?.xzwamJAamvhm<x.komH.&0kH.sz.o<m.x4H.oxh.MOHW.NOFmN
00TT0daY CTOLS MNP I ‘HL 1! dCUOS ! XOISADISZ29ISONVYId 430N HIA (02) N30T
000TO¥AY* (0S)VLIHL (02)d39IS (0C)dHLTAA (02)dVIIS (021 HYEHN /SHYUVYd/ NOWWOD

0060040y (STISVINVYH4SANS (OT)TL¢TINY (02) dVWRVO 4 (0TI IVLIHL L
002008QY(OT)I39IS (CT)IWOIS(0T)THVHNNIZ 40NV LINYL Y (S0) TTL3R ¢ (S0) THIIV ¢ 819
00L00dQ0Y¢ (02)HIE3d* (02)wAUNIIV ¢ (02)JUId (02)SA¢ (G0)dHOLNr¢ (G0) 106N (G0) LSVIS
00900daY ¢ (0TIID*(OTIIAVAUWVI THILAWINZ4AVIIQ (STIAONZI ! (04) 122 2ZUTIX* AYIXH

00S004AY 4 ZUXCAUXHOMONYLNNYLY (OTINVLIIHLCAVIRIL ¢ MYZ ¢ (02) VL3384 (02) VHIIVE
00+%004QY $(ST)0ZOIS (STIOADIS (ST)OXOIS! (9T)INIOIS(ITINVIIS (AT ) MHVEN2
00£00dQYy C(STIDU(STIANZA(STIXNAA(OTIZ (T AA ¢ (TH) XX HAN¢SANISLIN * HENT
0020040Y ‘IDNYICON*SZN!SAN!SXN (ST)JINSI ¢ (2TIONLS2L /IWVHVA/ NOWWOD

00700¥Qd v (441)d30V3d 3NILNOYENS

d

*0h
*6¢C
*B¢
*LC
*9¢
*G¢
*he
*CC
*2¢
*T¢
*0¢
*6¢2
*RZ
*/)2
*9¢2
*Ge
*h3
*Ce
*2¢
*T¢
*0¢
*61
*9T
*.T
*9T
*GT
*h1
*CT
*21
*TT
*0T
*6

*0

*x/

*9

*G

*h

*C

*2

*T

C-67




e et

00TaOHOY
0008040Y
00620408
008.0¥0Y
004L0¥0Y
009.040%
00SL0YAY
00hL0¥0Y
00£40¥0Y
0024040y
00T.L0Y0N
000£0¥0Y
0063040y
0089040Y
00,9040y
0099040y

0059040Y.

0049030y
00g90yaY
00290Y0Y
0019040Y
0009040y
0065040y
0085040y
00,5040y
00950304
0055040
0055040
00e5040Y

00TS0YH0Y
00050dQY
006H04HAY
008h0M¥AQY
0044040y
009404QY
00SH0UCY
0044 0YAY
00£H0u0Y
0026040
00THONOY

9 0L

0'coeo
MonvlL 17nvd43d
nonvl) 41
INNILNOD §

09 (g°0 °19°

(IYASX =
SYNIT=% 4 00

6 =

qonvl

(1)XX @

SXN

XX 1nv43a

G 0L 09 (0 °19

0°668
0°LEG

0°Lg6
2°e9tT =

{

= 2104 (p0°0 °37°
= 37I0X (g°0 °37°
0°668 = 3ZISA (0°0 °3°
= 321sX (p°0 °97°
NILSYY (0°0 °371° NILSYY) JI
= MST (0 °37°

0T*1IN=T
0T*(0N=1
0T*JON=J

oy/

0t/

° SxN) d4Y
VAP IIE )
32130) 41
321SA) 41
AZ71sX) d1

IN =
aN =
ON =
TiN
10N

0T/ION
yauvas = vaawy"
T~SZN = ZNN
(1) YWWY9
+02¢T=1 TL OC

I)dVinYo=0'T =

(2WYN4G) QY3

0

2 0L 09 (T ‘Lo°
MSP 4 IdWIL ONAWIL 4 3ZI0AI3ZTINYIZTSA¢IZISN Y
NILSYYINPXVWA ENPXYIWX zmH.sz<z>‘sz<zx.Jum.m<uz<z.nmza

Y LIHLCIZ9ISTIVOTIS ¢ THYEN ¢ THZ ¢ TIONV L INY L ¢T1L38 4 IHGIV  HNIIY 4 O SAY
CAAIQINILIBHIWTIZ LSV LI TD IO YARY I8 TINT L AYI30Q 00W2Z2 T 4122
E2UTIXAYTIX O UYL AUX T HAMONY L NNV LMY LBHLCAYINT L ¢ MYZ ¢ YL38 I YHATY 1 0Z91S2
LYWWV OADISI0XOTISINIDISINYOIS e NYYEN IO A1 X130 24 AL XX BANISANT

mS1)y dI

LLIN
aaaN
oJe ol
1IN
aaN
30N

= (I)TY21
heGeT=T T 0N
SYOWYN Y04 2T ONV ONLS3L ¥04 27
00260HAYLIVHLENS ¢ /LWYHYJ/ NOWWOD 30 HLON3T 3HL ST 809 ¢0oy32 OL FAZIAVILINY
LON SI 30D 3Y3IHM SYOSS3IJ0¥d ¥O4 SLISITT LNANI LNO 037

441) 41

ITL4TANISLINYIONY Hoz.mNz.m>z.mxz dINSI¢ONLSI)L /2WYN/ LSTITIWYN
= I274S
Hox21/0ML1S3L Yiva

/

IO*Nd\m<uz<z.\

ao 2T)140S/0°7

TL

-

J

(SRS RS )

2

*18
*08
*6L
*QL
*LL
*QL
*GL

whl

2CL
*2L
*TL
*0L
*69
*89
*L9
%QQ
*GO
*H9
*¢o
*29
*T9
*09
*6G
*8G
G
¥aG
*GG
*hG
*CG
*28
*1G
*06G
*6h
*}h
*Lh
*04
*Gh
*hh
*Ch
*2h

*Th

C-68




0022TY0Y
00T2TH0Y
0002THAY
006TTHOY
0087 THOY
00T THOY
009TTHAY
00STTYAY
00T THAY
00CTTHOY
0027 Ty
00TTTYAY
000TTHOY
0060THGY
0080 TyAY
0020THAY
0090T 40N
0050 TNAY
00+40TYAY
00£0THAY
0020THAY
60TOTYAY
0000TYAY
0066040Y
0086040Y
00L6040Y
0096040y
0056040y
00+h6040Y
00£6040Y
002604aY
00T60NAY
00060Y0Y
00680YGY
008204aY
00,8040Y
0098040y
00Se0Y¥QY
00H80YAY
00£E0N0Y
0028040y

2 =

0°09¢

L2 04 09 (T *19* 1) 41
0T*2I=00T*T1=(T)N0OW2I
0T/(00T*TI=-(I)QOWZI)
00T/(I)A0WZI

92 0L 09
AYWIL (2

ZNN ¢
0

0

er

i
N
-

I=1 4g 00
= (T)MSH

0 = MewN
= (2)MsSH

OOWZI MI3HD
(9)JINSI (0 *‘®3* (9)dINSY) 41

42 0L 09 (0*0 °*19°

3NNTLNOD

0°2 = Muz

WMZ 1Nnv43n

(0°0 *19°* Xyz) 41
*93°* (8)4IMST) dIX
0°009 = AVWIL
AYWTIL L19nv420
AYNIL) 31

0°00T = ZMX

24% 19nv430
02 04 09 (0%0 *L19¢ Zyx) 41

O.

00T = AYX

A¥Y L19Nv43a
2T 0L 09 (00 °*19°* AyX) 41

2T 0L 09 (0°0 °19° (1

0T OL 09 (0°0

6 01 09 (0°0

9T 0L 09 (0 °*19* (I)QOwWzl) 41

INNILNOD

T = (1)00W21
QOWZI L17NV430
C3NNILNOD

0°T = (r)viag
vi38 1Inv430
yvi3gy 41

0°T = (I)YrdTV
VR4V LNy 430
*19° (1)VYHJY) 2%
INNTANOD

{I)OX9IS = (1)0A91IS
*19* (1)04A91S) 4t
0A9TS L1NV430

92

he

02

81

91

0T

6

ZNN¢I=T ©7 00 9
3NNTANOD 9

(8]

*221
*121
*021
*6TY
*8TT
*LT1
*OTT
*GTT
*HTY1
*CT7T

*211

*TTT
*0T1
*60T
*307T
*L0T
*00T
*GOT
*H0T
*COT
*2071
*101
%007
%66
*86
*16
*96
*G6
*h6
*C6
*26
*16
*06
*69
*9R
*18
*98
*S8
*48
*0Q
*29

C-69




= dbia-a.

00gcoTyAY
0029T¥0Y
0079THAY
0009THOY
0065 THOY
009STHAOY
00LSTNOY
0095T¥aY
005G THOY
0045 THOY
00£GTHAY
0025THaY
00TSTHAY
000STHAY
006HTHOY
0081 THOY
00LHTHOY
0094 THOY
00GHTHOY
004HTHAY
00chTNOY
0024 T30Y
00THTHOY
0004 THAY
006£THAY
008£THOY
00LE THAY
009£1H0Y
005€ THOY
00HETHOY
00£€ THAY
002£THOY
00TE THOY
000§ THOY
0062T40Y
0082THOY
00.2140Y
0092TH0Y
0062 THAY
0042 THOY
00g2THAY

ﬂo

[Ty
.
1" 1

(1)¥391S (1° *“171° (IY%391S) dI
(I)XMVOIS (g* *17* (I)IWY9IS) dI

SLIWIT WNWINIW H334D
SZN!T=T °9¢ 0Q

3NNILNOD

(SZN)Z = WIZ (0°0 °*37* WITZ) 47

hL OL 09 (0°0 °*37°

vaawy) Al

INNILNOI

0'0 = (T)"172

gL oL 09 (0 *19o°

T = SidM
S1dN) 47
gL 0L 09

(Idz = (I)722
11¢7=1 0L 0OQ

0
0

IT = SLAN
(¢)dINs?
(2)dINst

T = (T)4INST (0 *03* (T)dIWsI) 47

2L 0L 09 (T °*2N°

VAN = (I)ST0oW (4 *L7°

(TYMsH) dI

ANNTINOD
VIN) T
2¢ 01 09

€C 0L 09 (TWLIN *B3° CI*HO*IVAIN *03% 2I°HO*WVIN *n3° TI) 4d1

¢¢ 0L 09 (g °19¢

AviINY J1

T+IVIN = TVYUIN

T

-
11813

{1)S700KW
0 = AVIN
(MaNYdoLnr
(Man) Loer

THAEN = MaN
-0g 0L 09 (0 *19* M6N) JI

T¢ 0L 09 (% °*3N® CIONY H°INCTI*ANVY*H*2N*2TY 41

62 0L 09 (6 °*D3* CI*M0O*6*03*TINO‘6*HIteT) A

I =11
= (T)MSM

(T+1)2 = WITZ
82 OL 09 (G*3N°CI*ANV° G IN°2I*ANY*G*3N°TI) 4I

2L 0L 09

T = (1)JINST (0 °*©3°* (T)dINsY) 41

T = (2)IMSH

L2 0L 09 (9 °*3N® CI*ONV®9 °aN® 2ZI°*ONV*9 °*AN® T1I) 41

hi

eL

2L
0L

he
eg

(4

T¢
0¢
62

ge

Lz

*¢9T7
*297
*797
*097
*6G1
*QGT
*)GT
*9GT
*GGT
*HGT
*CGQT
*?GT
*71G1
*0GT
*6hT
*QhT
*Lh1
*ohT
*GHT
*hh1
*Ch
*2hHT
*TH
*0hT
*607
*RCT
*1eT
*Ond
*GCT
*HoT
*CCT
*2eT
*TEeT
*0eT
*621
*Q21T
*27
*Q21
*G2T
*h2T
*C2T

C-70




00H02¥0Y
oogo2HAY
00202Y0Y
00T02dQY
0000240y
0066T¥0Y
0086 T4AY
00L6THAN
0096THAY
0056 THQY
00H6THAY
00£6THAY
0026THAY
00T6TYAY
0006THAY
0068T40QY
0088TYHAY
00L8TYHAY
0098THAY
00581THQY
C0Hh8THAY
00£8THAY
0028TYAY
007870
0008THAY
0064730y
008LTHAY
00L2THQY
009.LTHAY
00SLTHAY
0044740
00cLTHQY
002.THQY

00TLTHAY

000LTYHQY
0069THQY
008914QY
0029740y
0099THAY
0059TYGY
00Hh9TYAY

0°'T = (I)1L349

. 139 19Nv43a9

g OL 09 (0°0 °*L9°* (1)7136) JIX
.. 0°T = (1) HJIY
HAIY 1INY430

9t 0L 09 (0°0 *19°* (I)AH4Y) 4Y
MENIT=1 84 0Q

WYz = W7

WZ 1Nv439

th 0L 09 (0°0 °*19°* yzZy 41
0°009 = 0NVl

onvYi LNy 43a

2h 0L 09 (0°*0 °*19° 0NVl AT
3NNTIANOD

26 01 09

WYL = INYY

¥onvi = onvl

ANNTINOD

(THAVLININGNEL = (T+417)dW3L
(VAN WdWIL = (I1)77dW3aL
(YLANIYLI38 = (1)130
(CIWWINIVYHAOWY = (I)HAY
(THMVANIMYLIZHL = (T4T1)VLIHL
(CIVANIMVYL3HL = (T1)Vi3HL
(THAVININIOIS = (T+1T1)71391IS
(IYIN)¥A91S = (I11)71391S
(THUVAINIAYOIS = (T+I1)VO1IS

T (IVANINYOIS = (I1)7vOIS
(T+XVLIN)MYYEN = (T+1T1)7uVan
(CIVANIMYYAN = (T1)yvan
(I)dOoLN = MYIN

(1)1000 = YIN

eIt = 11
YEN¢T=T R8¢ 0Q
- = II

Wz = M2

SYILINYYYd IONVHD Y¥3IAVT INTWY3ILIO
oh OL 09 (0 *19° (L)dINSI) 4T

LS 0L 09 (0 °*©3° ¥8N) 4t

.  3ANTINOD

T° = (DYuvan (1° °17° (DHHyven) J1

9%

hh

eh

Oh

8¢

9¢

*+h02
*C02
*202
*102
*002
*66T
*961
*L671
*96 T
*G6 T
6T
*CoT
*261
*T61
*06T
*68T
*29T
*LQT
*08T
¥GgT
*+h8T
*€Q1
*281
*181
*08T
*6L1
*8LT
*LLT
*aL1
*GLT
*hl1
*CLT
*2L1
*TLT
*0LT
*691
*QoT
*197
*997
*G9T
*H9T

C-71



00SHh2Y¥0Y
00hH2HOaY
00gH2HAY
002h2yad
00TH2UOY
00042y0Y
006£2HAY
008¢c2d0Y
0042230y
o009geyay
00Sg2yay
00hg240Y
ooge2ydy
0o02ccyay
00Tg2Hay
000c2yaYy
0062240y
00gecHaAY
goLe2yay
0092230y
00G22udy
00he2yay
0oge2ydd
0n222yay
00T<c2Hay
oonegeyay
006T2Y80Y
00871240y
00LT2HAY
009T2YAaY
005T2HAY
00hT2¥0Y
00gTeHaY
002T2d0aY
00TT2yAY
000T2¥0Y
0060240Y
008023¥0Y
00,0240
00902¥QAY
0050240y

2.1 OL 09 (2 *i7* 2ZNN) 41

QUY* (XYZ9(2)Z24d {TINIOIS)TTIAY = (1)d391S
T ¥3AVYT Y04 d391S 3LvINIIYI

(TS (TINIOIS (2)M391S)gaY = d
({IYNVOISH(T+IINVOIS)I*T0LS*G*0 = (1)dYDIS
ZNN 01 2 SH3AV ¥04 dy¥91ls ILvINIVI
ZNN*2=1 091 oON

29T OL 09 (2 °*17°* 2ZNN) dI

d = YMdW

(MYZ¢(2)Z2¢d (TINYOISITTAY*TOLS = (T)dVIIS

T ¥3IAY Y04 dV9IS 31VINIIVD
(TSH(TINVOIS (2)MVolS)gay = d
(CIYNUYBN+HITHIINYYANI*S*0 = (I)uvan
ZNN 01 2 SY3AVT Yod HV8n 3LYINITIVI
ZNN¢2=1 QST 0Q

2GT 0L 09 (2 °*17* 2ZNN) 41

d = ¥Mdd
(MYZH(2)Z2d(TINHYENITTAY = (T)y¥an
T H3IAVT ¥O4 yven 3LvVINDYD

(TS (TINIVEN? (2)MYVYBNIgaY = d
(S)907vY/0*T = 1S

(M¥z/7(2)2) = S
QYU*(2°0) *x (MONVL/HNYL) = TOLS
ANNTINOD

ANNI INOD

ANNTLNOD
(ZNNT)IL38 = (I)vL3g

(ZNNI)HJY = (1) VYHA4TY

ZNN=T = 7ZNNT
TIVAINIOIVINZY 4G 00
7438 ONV THJIVY HLIM Y138 ONY YHJAY 3NIBWOD
MAN+ZNN = AVIN
T+ZNN = YYLIM
INNT LMOD

T = (1)7391S (1* *17°* (I)1391S) 4dI
T = (D)yvan (T* ‘17 (I)yvany J1
G* = (I)vals (g°* *17* (I)VOIS) 41

S3ANIVA WNWINIW MO3HD
MWINGTZY 0G 00

NEN*2 = AYIN
3NNTLNOD

291
091

2eT
067

88
LS
heS

2s

08

84

*GhHe
*hhe
*Che
*2he
*The
*0he
*6¢2
*gee
L Ror
*9¢?2
*gee
*hee
xcee
*2¢¢
*¥1¢2
*0¢e
*622
*Q¢e
*/l22
*922
*gee
¥heed
*gead
xgee
*122
*022
*6T2
*QT2
*L12

*OT17.

*GT2
*h12
*CT2C
*21¢e
*T12
*012
*60¢
*g0¢
*202
*902
*G02

C-72

i
1
1
|
|
I



00982¥0Y
00582HAY
00482YH0Y
0ocecHAY
00282ddy
0018240
00082YQY
006240
008L2¥Ay
00L42¥0Y
0094240
005,240y
004 22¥0QY
00gL2Hay
002,240y
007,240y
0004240y
00692HQY
0089240y
0049240y
0099240y

0059240y’

0049240y
00g92uaY
0029230y
00T92d0QY
0009240y
0.06G2¥0Y
008s2HAY
004G2dQY
009s2¥QY
0058S2HAY
00+4S2yay
00eGeyay
00escyly
ooTS2HAY
0006240y
006+t240Y
008h2yQy
00.+t2ddy
00942¥QY

ANNT LNOD

202 0L 09

3NNTANOD

. ((TW)Z=(T+2W)2)/S = (IZNN)IYYan
((PYZ=(T4M) Z2)x ((T+M)HYVBN+H (M) HYYBN) *G°0+4S = S
ZWeTW=R 48T 00

0°0 = S
(1Ydoir = 2W
(ryLoar = 10

I+7NN = 12NN
WEN¢T=1 88T 00
26T OL 09 (0 *19* (2)dINST) 47
(S)907%/0°T = 1S
(477 (T+4)2) = ©
98T 0L 09 (T *19° (1)108r) 47
(T)dOLr = W
AVH* (220 % (INAYL/TINYL) = 10LS
062 OL 09 (0 *®©3° YaN) 4T
062 OL 09 (0 °*19* (2)MSH) 41
3INNT LNOD
((1Yn13aYs8aY = (1)n130
G8T OL 09 (0°0 *39% (I)MdWIL=(T+I)Ndwal) 41
G8T 0L 09 (0'0 *39* (I)N130) 41
(I)M¥YEN=(T+I)MuYEN = (10130
SYIAYT TV ¥O4 NI13Q 3LVINDIYD
ZNN¢T=1 ¢8T1 0Q
3NNTINOD
(1)dH1130+0°09¢ = (I)dHLT30 (0°08T= *171° (1)dHin3a) 31
(T)dHLT130=-0°09¢ = (I)dHLT3A (0°*08T *19* (I)dHLT3ag) 4T
(PINVLTHL=(T+P)WYLIHL = (1) dHL30
SHIAVT TV H0d4 dHLT3Q 3ILYINIIYD
. 0°0QTT
=(IYVLTIHL = (I)VLIZHL (0°09T *19° ((PINYLIIHL=(T+r)NYLIHL)SAY) 4T
(CAIWYLIHL+{THPINVLASHLY*G0 = (I)VL13HL
SHIAVT TV H¥Ood VIIHL ILVINDYD
I =n
ZNN‘T=1 087 00
G 0* (AVY* ((I)MIOIS+(T+IINIOIS)) = (1)d391S
ZNN 0L 2 SM3IAVT H0d d4391S 3ILYINDIYI
ZNNI2=1 0.1 0Q
d = YMdo

26T
897
L87

99T

681

087

2Lt
0LT

S ]

*982
*Gge
*Hge

*092

*292
*192
*082
%612
*9L2
*L12
*9/2

: *¥GL2

*h12
*CL2
*212
*TL2
*0L2
*602
*R92
*197
*992
*G92
*h92
*£92
*292
*192
*002
+6G2
*9G2
*1G2
*QG2
*GG?Z
*hG2
*€G2
*2G2
*162
%062
*6h2
*2h2
*Lh2
*Oh2

C-73




ooletyay
0092¢40Y
oo0s2cuay
00h2eyay
oog2eu0Y
0022¢yay
00TeeyaY
00020y
006T£YAY
008TCYAY
0041£¥qY
009TCHAY
00STEHAY

00HhTCHAY |

00£TEHAY
oo2TEuay
00TTCYAY
oonTeyqQy
0060830Y
0080£¥AY
00L0gyAY
00902YaY
00S0€HAY
00h0oEHAY
gogocyay
oozogyay
0oTOLYHAN

oooogHaY

00662H0Y
00862YH0Y
0026240y
0096240y
00s6240d
00h62¥H0Y
gogecHay
0026240y
00T62HAY
0006240y
0068240Y
00882Y0Y
00.82¥0Y

(TWINVLI3HI=(T+2WIHNVIIHL = (I2NN)gHLY30
((TWIZ=(T+2W)Z)/S = (IZNN)IVLI3HL
((P)Z=(T+M)?2)%d+S = §

. 0°08T+d = d

g22 0L 09 (0°08T °*L7* ((PIMYLIHL=(T+P)NYLIH])SAY) o1
(CPINYLIHL+ (T4+P)INYLIAHE ) *G0 = d

ZWITW=P 422 00

0'C = s

(I dolr = 2w

(1Y1080" = TW

T+ZNN = I7ZNN

MEN 04 T SUIAVI MIN HO4 VIZHL ILVINDTYD

: waN¢T=T g2z on

. 922 01 09 (0 *19° (L)JIMSI) dI
G O* (QVYUx( (M)M39IS+(T+M)N3F9ISY) = (1ZNN)Yd39IS
I+2NN = I7NN

HEN 04 2 SHUIAYT MIAN HOd 43918 ALYINIIVI
I=2xI =

wanNe2=I o2z on

222 01 09 (2 °*17°* »aN) 41

GO (AQYYx((T)YT139IS+(2)1391S)) = (T+ZNN)YAIDIS

(3IV4UNS NIVINOD LINsS300 JI) T Y3AVTY M3IN HOd4 d439IS 31vIndyd

gtz 01 09

QYH* (CIYZI(T+W)I Z¢d¢ (T)1391S) TTEY = (T4ZNNIH3I9IS
(2Y4UNS SNIVINOD 41) T ¥IAVT M3N ¥0d 4391S 3ILvaNnIvId
(1S4 (1)13915¢(2)1391S)86Y = 4

0T2 0L 09 (1 °*19° (T)io@r) 41

S ox ( (M) UYEN+ (T+M)IBYEN) = (IZNN)YM¥Yen

. I+7ZNN = IZNN

WAN OL 2 SYIAVT MIN ¥o4 ¥YEN ILvIndy)d

T=2% =

WANI2=T 002 0N

202 01 09 (2 ‘*171°* ¥am)y 4t

Go*( (2)WYIN+(T)IWYEN) = (T+ZNN)¥Yan

(30V448NS NIVINOD AINS30Q A1) T ¥3AYT MIN ¥O4 yv8n 3LYINITIVD
L6T 01 09

d = ymdo

(Y2 (T+HWIZ¢d (T)WYEAN) TTAY = (T+2ZNN) yven

(30V4¥NS SNIVINOD d4I) T H3AV M3IN HO4 HVEN JLVINIVI
(TS (T)Uvan’ (2)8ven)eay = d

€6T OL 09 (T *19* (T)lo8r) 4T

hee

22¢
022

STe
ote

coe
002

L6l
e671

O

*12¢
*02¢
*g2¢
*h2¢
*029
*22¢
*12¢
*02¢
*61€
*PTQ
¥L1¢
*Q1Q
*GT¢
*h1e
+01Q
*21¢
*11¢
*01¢
*60¢
*Q0¢
*10¢
*90¢
*50¢
*40¢
*C0¢
*20¢
*70¢
*00¢
*662
*962
*162
%962
*G62
*h62
*062
*262
*162
*062
*692
*982
*L92

C-74




0089€HaY
00L9E4AY
00g99cuaY
0059€¥0Y
0049EHAY
00£9€HAY
0029540y
00T9CHAY
0009£YaY
006GEHAY
0085EHAY
00LGEHAY
0095¢H0aY
0055EHAY
00hSEHAY
00£5EHAY
0025CHaY
00TSEHAY
0005£HaY
006+£H0Y
008HEHAY
00LhEHAY
609HCY¥AY
00GHEUAY
004HEHAY
00CHEYHAY
0024ENAY
00THEHAY
000HCHAY
006£CHAY
008££HAY
00LECYAY

(IZNN)JHLI3040°09¢ = (IZNN)JHLT3a (0*oeT- °*19°
(IZNN)dHL120-0°09¢ = (IZNN)HHLT3A (0*0QT °*19°

. 3NNILINOD

_ 96¢ 0L 09 ((1)2 *371* H) 41

o ’ szZN2=! ga¢ oQ

: 3NNILINOD

((P)WOISH(T+M)TIVOIS)*TOLS*G*0 = (IZNN)JYOIS

I+ZNN = IZNN

MEN 0L 2 SHIAVT M3N HO4 dY9IS JLYINIIVI

T=2%x1 = p

WON¢2=T g4z 00

0G2 OL 09 (2 °*17°* MeN)y 41

3NNTIINDD

((2)VOIS+(T)IVOIS)I*TOLS*xG*0 = (T+2ZNN)YJVOTS

(32V4HNS NIVINOD LN4S300 4I) T ¥3AV MIAN Y04 JVOIS ALYINIIVI
o : £h2 0L 09

(TUZ(T+HWIZ4d (T)IVOIS) TTAUXTOLS = (T+ZNN)dVIIS

(30V4UNS SNIVINOD 41) T ¥3IAVY M3N ¥O0d d¥Y9IS 3ILVINIIVD

_ (TS (T) VOIS (2)IVITS)IgaY = d

2h2 0L 09 (T °*19° (1)L08N) 41

3NNT IMOD

((IZNNYNT3Q)SAY = (IZNNYNT30

GE2Z 01 09 (0°0 *19° (M) AdWIL=(T+Mr)dW3Ll) 41

GeZ 0L 09 (0°0 °39° (IZNNIN3AQ)Y 4T

() EVeN=(T+/) I¥YEN = (IZNMINT30

I+7NN = IZNN

SHYIAVT M3N TV ¥0d4 4HLT3Q 3LYINIVYD

T=2%x! = p
MAN¢T=1 g2 00
3NNTINOGD
3NNTEINOD
(IZNN)dHL130) 41
(IZNNYAHLI3) 4T
(CYAVLIHL=(T+PY VLML = (IZNNYJHLO30

009CCHAY 08T+ (IZNNIVLIIHL=(IZNN)VLIIHL(*08T*19* ( (") IVLIHL=-(T+L)TVLIIHL) SAY) 4)

00Seeydy
00hECHAY
00geeydy
002ecyay
ooTEcyaY
000egHAY
0062cHaY
0082cHy

(IZNNYJHL30+0°09¢ = (IZNN)IJHLI30 (0°09T- *14*
(IZNN)dHLT30-0°09C = (IZNN)JHLT30 (0°08Y *19° (IZNN)JHLIT20) 41

((M)AIWVLIHLH(TH/)IIWWL3HLI G0 = (IZNNIV LIS
I+7NN = TZNN
T=I%2 = 0
MEN¢T=1 /22 00
0ce 0L 09
ANNTLNOD
(IZNNYdHL20) J1

g6¢

06e
Ghe

¢he
che

oge
Lz2

922
q2e

(S ]

*go¢
*L9¢
*99¢Q
*Gog
*hoe
*cog
*29¢
*19¢

-%09¢

*66¢
*QG¢
*/G6¢
*96¢
*¥GGE
*HhGQ
*¢G¢
*26¢
*1G6¢
*¥0G6¢
*6he
*Qhe
*Lhe
*Oh¢
*GHhe
*hhe
*Che
*¥2he
*THhe
*0he
*6¢e
*Qe¢
*LeC
*oc¢e
*Goe
*hee
*eee
*gee
*7¢¢
*0Ce
*62¢
*R2¢C

C-75




00h6CHAY
oocetuqY

3
(THY/ (nkdHy) 120X H2/%HT 1 X200 I % Hy

00Z6SHUAYUT IXHh2/¢ H242°L40= ONIUVYIP HINWIZY ‘HET¢2'64¢= IONVY ‘He2'Q4¢= fuog
00TAECHAYHIZH 3SIY OGN0 QIALSNrAY *HOE !X h2/ (*HTIX2B*HT ' Xn2/)C/*HT IXG2¢2VaY2

o Jo o)
00%

d
d

233

0006CNAY?Y = ANIL ‘HE'2VIQY! = JLYOHLIXGZ*xHT IXHh2 1 4
0065CHAY JEHTIX2O I *HTIYHZ/*HT I XCZ IOV IXCZIwHT IXH2/*HT IX2Q ¢ *HT IXH2/*HT ¢ XY
008QCHAUG ¢ OVRTIXG ! $HT ! Xh2/*HT I X2R *HT IXh2/ (*¥xkHy) T2 XH2¢ (/) TTTHT) LYWNOY 000T
00LecHAY NYNL3Y
0098€HAY (ZWYN‘Q) 3LIdM (T *03° (8)dINSI) 4T
00GSeEHAY WZYSONYIHIIWTILTI¢ILVOTI ¢ (9T ¢ {T)ONLSAL) 'SYINYN (000T¢9) ILINM
00heeHAY LYWHOS 2V'9Y HLIIM INIMd = 3IWIL OGNV 31v0 N3
00€eCHAY _ ANNTINOD
002g¢€¥AY ((T+M)ALVATY0 (I)YAJINI2TH2)ON4SK YD
oot18cHaY MY 3LVATiociMea ) ATHASW 1Y)
0009CHAY ((MPYALVOTBT(1)BIIN2T¢2T)I0N4SW 1Y)
0n6LcuQY ((P)ILVOT2TMIQI0) A4S 1TVYD
008L840Y ((MYILVAT 0 (1)BAINZTI0)ANESH 1Y)
00LLENOY t=1x2 =
009.5¥0Y 2¢1=1 00h 00
00GLENHON +/¢ =N
00hLCHOY d001 ONOI3S NO (2) ONY (T)3WILI OLNI IS:INW!NH OvOon
W[ [e}. ] d00 L1SHI4 NO (2) ONV (1)3Lval OLNI AA/7Q0/WW OVOA
oo2.cHaY ((2)BAIN (TIA4INSINYHLYT 1TYD
ooTLEHAY (ATINO 90TT OJVAINN) WXL ONY 3iva L3
000LEMHAY (T=1)A930 = W2V
0069€0Y (T=1)%930 = 9NY 96¢

*Hhete
*CR/e
*26¢
*T6¢
*06¢
*60¢
*0ge
*.Q¢
*98¢
*GQ¢
*hee
*CRe
*2Q¢
*1Q¢
*08¢
*6LE
*Q¢
LA
*Q/¢
*Gle
*Hhig
*CLC
*2/¢
*TLC
*0LC
*69¢

C-76



000600d9S (T+W)dVO1S = 195 07
006€0d9S 02 0L 09
008€0d9S 5 {W)X391S = 208
00L€0d9S (T+W)NI9IS = 198§
009¢€0d9S 0T 01 09 (2 °*m»3°* NI) 47
006¢0d9S NA¢22W G2 00
p0HEQdOS 0C OL 09 (2 *3A* N) 41
00€€0d9S (1)dY91S = ¢95 (2 °*m3* NI) 41
002¢€0d9S (T)NI916 = €96 ¢
001T€0d9S (T+NYZ = YNMH
000£0d9S HZ = YY4H
0062049 G 0L 09 (T *n3* N) 41
00820d9S 0°T = MMHH
00420d9S H? = %NHH
00920d9S Te=M = NW
00620d9S 0°0 = G 4
00h20d9S 881¢(R91Hh0thhth) OL 09
00£20d9S *HIAV 3HL NI L1In¥is3a
00220d9S LNOHLIM HO HLIM MYNVOIS ONY YNIOIS S3ILVINIIVIY 49§ AINTLNONANS
00120498 VABWY T e ymdil Y I
00020d9S ONLSAL H¥IOIUINI
006T0d9S (LSVYX¢MHLA) IFINTIVAINDI
00810d9S {T2)MHLA NOISMIWTIQ
00410d9S (E)XWYOI!SSANL
00910d9S SIAC{2IINILT(2)YILYOT ' WZYSONEC(TH I THINDAT {TH)IMUNVOISI (TH)INIDISY
00ST0d9S L(2H)ONV (TH)WNHATIY (TH)MNYLIBY (TH)MNYYEN (ThYAUYRA Y (Th)ASAG
00hT0d9S COMNISTOW TWI/SIANITVE (GIMSH (ST)STOOW2MSN LLANYAOON DIIN4
00€£10d49S CLINCQAONIIINY (02) VWWYD IUNADIS LYV TIXNHYADS 1 XYHYBX ¢ 43N T T ¢ YMdWE

002T0d9S ‘HMAD 4 UM AN HNXDIS? (T2) LSYXL0BT ¢ dOLI*ZNNQVYINITAY1 001520182
00TT0d49S STOLS!HAAN T IHL 4N 42HOSXOISIADISZOTSANYId 4YAN¥IA (02130
00070d495¢{02)VLIHL (02)dINTIS(02)dHLT3AY (02)dVOIS (02 UVEAN /SWVYHYY/ NOWWOD

00600d9S (ZTISYINVYNISANG (0TI TLATINC (DZ2)dYWWYO (OTIIVLIML ¢
00800d9S(0T)1IOIS(OT)IWVHTISY (OT) HYENTIYZ¢I0NVLINYL (S0) 1438¢ (G0) HAW ¢ Aug
00L00d9S¢ (02)8IU3d! (02)BAHNIIV (02)243d (02)SA(S0)dOLM¢(G0)LOBN¢(G0)LSYLG
00900d9S ‘(0T)12¢(0T)IOVAANYTI/ TWILOWITTZ9AVIIO (STIAOWZTI ¢ (OH)IZ2Z¢2HIX AN XY

00500495 ZUXAUXPHONONY L ONNYL Y (GTINVLAHLCAYWTL 4 NHZ ¢ (02) VL1394 (02) YRAYE
00400d9S ${GTI0Z9IS (GTIOADISH(STIOXOIS (FTINIOIS (QTINYIIS (9T ) NYYANL
00£00d9S C(STIDY(STIANIA(GTIXIIA(ITIZ(THIAR (TH) XX BANSANSLANNENTY

00200d9S ¢‘ION*IONSZN¢SANISXNY (ST)HINST
(ABI X HHONIZIINT OIS INIHZI 495 INILNOKHANS

00700d9S

¢ (2TIONLSIL /1WVHVYY/ NOWWO?

*0h
*6¢
*QC
*)e
*9¢
*Ge
*he
*Ce
*2¢
*T¢
*0¢
*62
*Qe
¥)2
*Q2
*C2
*h?
*¢e
*22
*12
*02
*67
*Q7
LA ¢
*aT7
*GT
*H1
*CT
*27
*T1
*071
*h

*0

*/

*Q

*G

*h

*Q

*?
*1

C-71




v

00180d9S
00080d9S
006.0d9S
008.0d9S
00220d9S
00920495
0060495
00440d9S
00€20d9S
002204d9S
001.0d9S
000.0d9S
00690495
00890d95
00290495
00990495
00590d9S
00h90d9S
0090495
00290495
00190495
00090d9S
006G0d9S
00850d9S
00450d9S
00950d9S
00550495
004150d9S
00€50d9S
00250d95
00750d9S
0N0S0d9S
00640d9S
00940495
00Lh0d9S
00940495
00SH0d9S
004h0d9S
00€40d9S
00240495

+ 00TH0dOS

hG 01 09

CINYWEVEN®G®0) + ((N) Z2=HZ) *G* O (TOdWL* ( (N) MYVEN=(THNINHVYEN)) = WHAN

28 04 09 (Y °*BD3°* N) 41
CININMHLINYIS0D=(S)S0D = 28

( (NIYHLOINIS=(S)INIS = TS
(NYYHLO+( (N)Z=HZ) % (TOdWL* ( (N)¥H1A=(T+NIMHLA)) = S
({N)2=(T+N)YZ)/0°T = Todiul
3NNTINDD

((S=)%2S)+(ZI)A¥VAA = (Z1)ANYEA
(S*TS)+XUVAX = Yuvay

(S*AA) 7 (W) Z=(T+W)2) % (WIUYEN = §
((WIMHLO)YSOD=( (T+WINHLIMISOD = 2%
((WINHLIOINIS=( (THWIMHLOINIS = 1S
ANNTINOD

944GHhoh (S) JI1
(WINHLA=(T+W)INHLO = S

NW!T=W S4 00

T=N = NW

0S 0L 09 (T *®3* N) 41

(II)BA = AA (2 °*D3* 4M) 4

MMdd = M¥ud

(ITISA = AA

0°0 = (21)AYvaA

0°0 = XyY3y¥

(ONV) VLI3HL d¥J XN A ¢XMN X ¢HNYVEN S3LYINITIYD Syvyan 3INILNOMANS

(MHBN¢ZT ¢NIHZ) SUYEN AYLINT
NYNL3Y
WHHH/Z QYU ( (HHZ WNHH UMY ¢ COS) TTEN4S) = 91S

G*O0*(29S+ ((N)Z2=HZ)*x ( ((N)Z=(T+N)Z)/(295=T9S) ) I *#((N)Z=~HZ)+S = S

2h 04 09 (T °*B3A* N} AX
YAdW = MMd

(N)dY91S = 29S
(T+N)dY91IS = Y9S

0h 0L 09

HMAD = Mud

(N)Y39IS = 298
(T+NINMI9IS = T9S

G¢ 0L 09 (2 °*03a* NI) 41
ANNTAINOD

GrOox( (W) Z=(T+W)ZI*(295+T9S)+S = §
(W) dY91S = 295

0s
Gh

9h

hh

Zh

0h

se

o¢e
02

+19
*09
*6L
*9L
*LL
*9L
*GL
*hl
*CL
*2L
*TL
*0.
*69
*29
*19
*99
*G9
*h9
%£9
*29Q
*19
*09
*65
*8G
*16
*9G
*G§

*hG

*¢g
*26G
*TG
*06
*6h
*Bh
x/h
*9h
*Gh
*hh
*Ch
*2h
*Th

C-78




00221495
00T21d9S
6002Td9S
006T1d9S
008TTd9S
00L1Td9S
009TTd9S
00STTd9S
00hTTd9S
00ETTJOS
002TTd9S
00T TTd49S
000TTA9S
00601d9S
0080795
00L0Td9S
00901d9S
00G01d9S
00401d9S
00£01d9S
0020Td9S
00701d9S
00001495
00660d9S
00860d9S
00L60d9S
00960d9S
00S60d9S
00060d9S
00£60d9S
00260d9S
00T60d9S
00060d9S
00680d9S
00980d9S
00480d9S
00980d9S
00580d9S
00H80d9S
00£80d9S
00280d9S

42=25 = 2§

2S=(42=2S)*(ZI)NNVLIB = #S
IS*TS*G*0- = ¢S

(ZI)MNHVEN/XXX*AN = 2S
((ZI)UNYL38%AXXX* (ZT)HNIOIS) /0T = TS

69 0L 09 (0°'T °*39° AWWY9) d1

0°0 = MNMX

(I7)8OH3d = YH3d
((ZIINMNVL3E/70° TI*x ((ZIINNIOIS/(NIOZOIS)+X = XXX
(II)BA = AA

84 = 47

G9T 0L 09 (T *©3* 4r) J1

(IT)OH3d = WM3d

X = XXX
(I1)VWWYD = BWWYD
{TI)SA = AA

(21)7122 = 47
WY3l YH3ALYT 3HL

1d30%3 NOILYND3 NOILISOL3Q 3HL 40 TV S3LVINIWI 0Sd430 3INTLNOHANS

(ZTINX)OSHAQ AMLNT

NYNL3YH

ANNTINOD

HZ/AA*¥YEDS = (21)¥NyvYan
((ZI)AUYBAR(ZT) AUVOA+XUYEXAXHYEX ) LYDS = HyEnsS
1946G4T9 (XMYEX) 4T

29 01 09

0'0 = YvAusS

YHEN = (ZI)MNYYEN

0°0 = (21)9NY

09 01 09

(XYYAX* (ZI)AHVAA)SNYLY = (21)9NV
15486426 ((Z2IYAYVBA) 4dT
1G4aGé)G (xyvex) 41

ANNILINOD

((S=)*2SY+(ZI)ANVAA = (Z21)AYVEA
(SRTSI+XHYEAX = Xyvax
{TOLWLI%SEAAN)/ZMHBN = S

eGésgicg (S) d1
(NINHLO=(T+N)MHIO = 5

3NNTLINOD

(HNZHZ'uMd (TIMMVYEN) TTHAY = dHEN

5971

h9

29
19
oo
6S
8G

LS
9g

Ga

€S

G
2q

(SRS RS

*221
*127
*027
*611
*QTT
*111
*0TT
*GTY
*HTT
*CTT
*211
+TTT
£011
%601
*Q01
%107
%901
*GOT
*H0T
*C0T
*201T
*101
*00T
*66
*Q6
*16
*96
*G6
*h6
*C6
*26
*16
*06
*68
*89
*18
*OR
*G8
*h8
*C8
*28

C-79




00£91d9S

(NYYL38 = (ZI)HNVYL3A 06

0L

29

Lo

99

69

00291d9S : G6 0L 09
00T91d9S TOAWL* (20dWL* (N)YHATIV+2S) = (Z1)MNHAY
00091d9S TOdWL* (20dWI*(N)VLIA+TIS) = (ZI)INNYL3Q
0065T1d9S (N)Z=HZ = 20dWl
00851d9S H2/0°'T = TOdWL
00LSTd9S 3NNTINDD
00951d9S ((W)YZ=(T+W) Z) % (W) YHLIV+2S = 2S
00551495 ((W)7=(T+WI2)*(WIVLAQ+TS = TS
004STd9S NW!T=w 0L 07
00€51doS T=N = NW
002S8Td9S 06 0L 09 (T °*®3* N) 47
00TSTdOS 00 = 25
00051d9S 0'0 = IS
006tTd9S UN YHJTY ONY XN v138 S3LvIndvd MYL39 aNTinoyans
0084Td9S (ZIMOHZINYL3E ANLINT
00Lh1dOS N¥NLIY
0094t Td9S 3NNTLINGD 69
00SHTdOS (XXXT
00hHTdOS* (IIXN)Y LYONA*MNAOISKEGOTER2°9) /MNNX*TS* (GWWYO=0°T) *MUId* (N)D = 430
00€HTd9S 69 01 09 (0°0 *37°* MNA9IS) 47
002HTd9S (2%% (42/(Z21) AUYEA% (21) YNV LIOT
00THTdOSHRXXX* (ZIINNIOIS) +2xk ( (Z1) MNHI Ik (AX+X) * (ZI)MNVOTIS) ) LHOS = HNAOIS
0004 Td9S ((ZIIANHGIV/0° T) %k ( (2T )INVOIS/(NIOAOIS) = AX
006£1d9S INNTINOD
008€Td9S g9 0L 09
00L£1d9S auwnvoxa = A
009€Td9S L9 0L 09 (0°0 *31* AWWY9) 41
0068 Td9S ((9S) AXT* (HS=CS) *AWHY O+ (LS dXT*x (hS+GS) Y xAEUMUX = WNMUX
00heTdOS (7T)MNVLIAAXES = GS
00€€Td9S L9 0L 09 (0°*0T~ °*L171* 2S°*ANV*0*OT~ *L71* 9S) 4T
002€Td9S 99 01 09 (0°*2 *37* V) 47
00TETd9S £S*A8%9S = 9f
0008 Td9S CS*LS*/.S = /S
0062Td9S 25465 = /LS
00821d9S 25~G6S = 9S
00L2Td9S (T+N)Z*Y = G§
00921d9S 0*2+Y = v
00627d9S 0°0 = v
0042Td9S (CS*25%2S) dXI*khS~ = NMNX
00£21d9S * 0*tT = ¢

(SRS

*¢oT1
*291
*19Y
*09T
*6GT
Q4T
*/G1
*QGY
*GGT
*HGT
*eGT
*2G6T
*TGT
*0G7Y
*6hT
*QhT
*Lh1
*9hT
*CHT
*Hhh1
*Chl
*24HT
*Tht
*0h1
*6E7
*QCT
*LeT
*QeT
*GEeT
*Het
xCeT
*eeT
*1C7
*0eT
*621
*get
*Let
*9271
*Get
*H2T
*¢2T

C-80




00L9Td9S
00991d9S
00S91d9S
00h9Td9S

N3
NY¥NL3Y
3NNTLNOD g6
(N)VHETY = (ZI)UNHAY

*L971
*Q9Y
*GaT
*Hot

C-81




000h0V9S 0%0 = 1

006£0VY9S {(W)OX9IS = gv
0NBEOVOS {W)dH120 = oV
00L£0V9S (WIYHAY = +4vY
009¢0V9S (W)dV9IS = ¢V
00SE0Y9S (H)OA9IS = 2V
00hEOYOS 0°T = TV
oogcovos (WIY138 = 48
002£0V9S (W)d391S = ¢9
00TCOV9S 622 01 09
000€0Y9S (W)OX91IS = ¥9IS
00620Y9S (W)OADIS = A91S
00820V9S N¢(0C*02¢04h) OL 09
00L20V9S {(W)S1hoW = N
00920795 0°'0 = ¥91S
00G20Y9S 0°0 = A9IS
00H20V9S 0*0 = 291S
00£20V9S T = Wl
00220Y9S (W)LSYX = X (2 *DI* ww) 41
00T20Y9S dX = ¥
00020V9SZA¢X 40 SNOILYIAZQ QYVONYLS IHL SILVINDTIVI IANILNONENS STHL xkxokk
00610Y9S . YOGRY T uMd Y3y
00810Y9S ONL1SAL ¥393UNI
00LIOV9S . (€)XWVQAI¢SSAMN.
009T0OV9S CLAY(2)IWILT A (2)ILVATWZVCONY (THETHINDIA (THIINVOIS! (Th)HNINTSY
00GTOVoS ${2HYONY ¢ (TH) WNHAIV {THIMNYLIE (TH) UNUVEN (TH) AUYEA (TH)ASAS
00HTOVOS SAMNISTIAW  THT *SANITI(SIMSH (ST)STAOW 2MSN ¢ LLINYOQAN 29N

00€TOVOS CLINSGAN*IINY (02) VHWYO IUNADIS LY TIXN HYBOS ¢ XHYEX ¢ Q¢ 1T ¢ YMdWE
002TOVOS UMD UMD P EUNXITS (T2) ASYXL08T¢dOLT ¢ZNN/QYY NI 1QULIC0LS 20152
00TTOVOS ITOLS!HNIN4TIH)L 4V J2HDS ! XOTISAQISZOISONYId 438N Y3 ¢ (02)NnT12aNT
000TOVOS (02)VL3HL(02)dADIS! (02) dHLTIIA (02) VOIS (02)YVEN /SKVUYA/ NOWWOD
00600V9S (2T)SYIHYNISAN/ (OTIIL!TUNY (02) JYWWYO (OT)TIVLIHL L
00800Y9S(0T)139IS(O0T)IVOIS (0T) HYENTHZ40NYLINYLY (G0)1L38¢ (G0) DY aHg
00L00V9S¢ (02)8243d¢ (02)BAHNIIV(02)JUId¢ (02)SA(S0)dOLN(50)L08Br(GQ)LSYLg
00900Y9S (0TI (0T)IAVYAAWY V4 TWIL¢WTIZ4AVIIAY (GTIAOWZTI ¢ (0H) 22 2HIX ! AN WY H

0NS00V9S SZYX AU HNONYLUNY LY (IT)MVLIHLAYWIL ! WHZ4(02) V138 {02) YHdIYE
00400V9S 4(ST)Y0Z9IS4{STIORDIS{STIOXOIS (OT)NIDIS4(9TINYIIS (9T) Myvane
00€00V9S ASTIDA{STIANBAUGTIXAZT (ST ZE (THI AA4{ TH) XX COANISANS1dN e MaMT
00200V9S ‘IDNCIANISZNISANISXN! (ST)dINSI S{2TIONLSIL /1WVYVYd/ NOWWOD

00%00V9S (WWIWe X)) YWOTIS 3NT LNOUINS

0h
o¢

*0h
*6¢€
*QC
*LQ
*9¢
*GE
*4¢
*¢C
*2¢
*1¢
*0¢
*62
*92
%12
*92
*G2
*42
*C2
%22
*12
%02
*61
+Q1
*LT
L)
*G1
*hT
*CT
*21
*11
*0T
*6

*9Q

*L

*9

*S

*

#Q

*7

1

C-82




00T8OV9S
00080Y9S
006L0Y9S
008L0VY9S
00L40VY9S
00940V9S
00GLOV9S
004L0V9S
00€L0Y9S
002L0V9S
00TLOY9S
000L0V9S
00690VY9S
00890V9S
00L90VY9S
00990V9S
00S90V9S
00t90V9S
00£90V9IS
00290VY9S
60T90V9S
00090VY9S
006G0Y9S
008S0V9S
00LS0Y9S
009S0V9S
00GG0VY9S
00HS0V9S
00€S0Y9S
00250V9S
00TS0V9S
000G0Y9S
00640Y9S
00840Y9S
00LHh0Y9S
009+0Y9S
00SH0Y9S
00hhOVIS
00€Hh0VOS
002H0V9S
00THOVIS

X = 2ZX

0HTTICTIOHT (0°T-h8) dI

WNW (0CTI0GT) OL 09

022 0L 09 (T *03* N} 41
(OY*9V+62280HG0 * *1%71) 1HDS X915
(2L*214TL*TL) LHDS ADIS
C=32G068G0°* hkX*(GY)S8Y = 21
HYRRTIRANXKCY = TL

G21 0L 09 (0°0 *37* Tl) 41
(HYRAEX) /(Y =0T *AUX=AX+X) = T}
02T 0L 09

(AX+X) koY = T}

0TT’0O0T*OTT (0°T=hY) 4dI

0°0 = AX (0°0 *111* AX) 4d1

AMIX=AX = AX (T *903* WwW) 3T
(HV=0°T) R AUXFTVRx( (AUXKCY) /2V) ¥ AMX*HY = AX
_ T6 0L 09
cv/2yY = AX

0608408 (AUX*CVY=2Y) 41

06 0L 09 (2 *0O3* WWW) dI

Hv/0°Y = TV

0L0R'0L (0°T-HV) 4TI

(AP YHYen/{ AMIN130xxx82'0 = 1

09 OL 09 (0°*0 *37* (4M)INT30)Y) 1
00 = 9

(4rYvi3ag

{4Mr)Yd391S

(2xk (2LkAOIS) +2xx (TLEXDIS) ) LYDS
{4r)YdgHL130

(40 VYHJAY

{3ridvols

(2 (TLRAQIS)+2xx(21%XOIS) ) INHDS
(TL)S0D

(TLINIS

0'T

VY ((4r) V1THL=(WIVLIHL)

09 0L

T =

09 01 99 (Y *B3°* WW) 41

(Widvan/ (MIN130xX%82°0 = 1

Gh 0L 09 (0g*0 °*31° (WiIN3Q) A1

Qi IM + 00 F
ZOF L C<A 0

TeT
0et

Get
027

0T71
00T
16
06
09

0L
09

0§

Sh

*T8
*08
*6.
*QL
L TN A
*9Ql
*GL
*hl
*Cl
*2 L
*TL
*0L
*69
*R9
*x.9
*QQ
*G9O
*$H9
*¢9
*29
*T9
*08
*69
*9G
*LQ
*0G
*GG
*HG
*CG
*2G
*16
*0G
*6Hh
*Qh
LA ]
*94h
*Gh
*hh
*Ch
*2h
*THh

C-83




RS RSV S0 A SO

0060195
0080TV9S
00L0TY9S
00901¥9S
00S0TY9S
0040TY9S
00£0TV9S
0020TV9S
00T0TY9S
0000TY9S
00660Y9S
0086095
00L60V9S
00960995
00S60Y9S
00h60V9S
00€60Y9S
0026095
00T60V9S
00060Y9S
00680V9S
00880V9S
00.80Y9S
00980Y9S
00S80Y9S
00h80Y9S
00£80Y9S
00280Y9S

A91S
X91S

N3

NYA L3Y

= MNASIS
= HNXOIS
05 0L 09
WL
= X
=N

1
a

o X 1)

0g2 OL 09 (2 °*B3°* Whw) 41
0h2 0L 09 (2 *3N® WW) JI

022 oL 09 (0°0 °3
(ZUXxhR) /7 ((H8=0°T)*24X=2X) = T1

ZX*

3NNTLINOD

hE*ETLAZUX*E8 = 72918

A S DI}

gce oL 09
€8 = 291§

002¢06T¢002 (0°T=yf) 4T

0°0

ZX+X = 72X

ZX (0°0 *L17°* 2X) 41
(H8=0°T) *Z2UX+Z2UIX=TO*x ( (ZYX*SQ) / (W) 0ZOIS) *2MX*Hh8 = 2ZX

097 0L 09

2¥IX=08/ (W) 0291 = 2X

He

0LT¢09T /00T (2¥X*CH=(W)02O1S) 31

/0*t = 19

TGT409TTGT (0°T-4) Al

?

0T2 0L 09
yx/x = 14
061 04 09

0he
oge

oee
0re

00e
067
097
0LT
09t

T6T
oGt

OHT

*601
*9071
*L01
*QQT
*G0T
¥H0T
%007
%201
*10T
*00T
*66
*86
L6
*96
*G6
*6
*C6
*76
*16
*06
*68
*Q9
*18
*98
*GQ
*h@
*0Q
*29

C-84



008E04SL N3
004g01SL NN L3Y
009¢04SL 3NNTINDD
00Se04iSL 0 = MiM
00he04SL ANNTLNOD
002£01SL THUT = M1
602¢0isSlt OIMDASYLx (P uYEn = (P) LSYX
00T¢01SL dOLT4LORI=M 09 0N
000g01SL M) gLl = 491t
006201SL WM = 1097
008201SL T9 0L 09 ((MII)L08P *3IN® M) 4dI
0oleo0list Te 0L 09
009204SL (NI doLr = doLt
00G204SL (M11)Yi08MN = 1091
004201SL 0S 0L 09 ((MIAI)LOAr *R9°* WMy 4T
oogeolst 0S 0L 09 (0 °*03° YiM) 41
002201SL 0T OL 09 (0 °*03°* XMaN) dI
00Te0lsSl T300W NOTLISNYML TINd 3HL
000201S4 HO4 SYIAVT NI -39NVHI IviNLINALS 3FHL SINIWYILIT 3NILNOHBNS SIHL
006T01SL vVaauY T 4N dW Y3y
008T0LSL ONLS31 ¥3IOIANI
00LT0LSL ‘ (SIXWYQADISSANL
009101SL SLAC(2)ANILT(2)3LVAT 4 WZYIONY (TH ! THINDIAY (TH) MNYIIS/ (TH)IUNIOISY
00GT01SL ¢ (SHIONV (THIMNHIV (Th)IMNVLIE! (TH) MNEYBNY (TH) ABYAAY (TH)ASAS
00hTOLSL COMNSTIOW ¢ TINT YSINIT (GIMSH (GT)STAOW *SMSN ¢ L1IN OGN IIINH

00¢TOLSL CLINCQANOIN? (02) VHWYS ¢MNADIS LY IOXN ¢ HYHOS ¢ XYYAX ¢ 430 ¢ TT * MM G
002TOLSL UMD YMAL INENNXDISY (T2 LSYX4108T¢4OLT#ZNNIQYY¢eNTT¢O¥L4C0LS 420152
00TTOLSL CTOLS MNP 4T 4HL 419 d2YOSXOISADISH29IS¢ANYId ! YA AN (02) N30T
000TOLSL¢(02)VL3HL(02)d391IS{02)dHLN3A (02)dVIIS (02)HYaN /SKYHTL/ NOWNND
006001S4 (ST)SYIWYN/SAN (0TI TL/TLAN(C2) JYWWVO (O0T)TIVLIIHL Y,
00800LSL(OT)IIQIS (0TI WOIS(0TIIUYENIHZ 0NV LIINYLY (S0)1L38¢ (S0) HYV ¢ gHg
00400LS14(02)82H3d? (02)8AHNIIVE (02128344 (02)SAY(GA)JOLNr¢(S0)L0arY (GS0)LSYLG
00900LSL ¢ (OTIID(OT)IQ¢YOAWY T TWILWITIZAVIZA(GTIAOWZI ¢ (Oh)12Z¢ZUIX 4 ANIXY

00S004SL EZ2UX A AYXHANONVLENNY L (QTINVLIHLAVINT L ¢ MEZ¢ (02) VL3814 (02) YHA Ve
00400LSL $(ST)0Z9TIS/ (GT)IOAQISH(STIOXOIS! (OT)INIDIS (GTINVOIS? (9T) MyVane
00£004SL C(STIOD(STIATNIA(STIXNFCUSTIZH (THIAAC (THIXX I SANISANIS LN OMANT

002004SL *ION‘ION‘SZN¢SAN!SXN!(ST)dINSI 4 (2T)ONLS3L /7inWYYYd/ NOWWOD
00700451 T (MLI¥)IY¥LSAL 3INTLNOHENS

00T
19
09

0s

*0¢
*LC
*9o¢
*Ce
*Hhe
*Ce
*2¢
*1¢
*0¢
*62
*Q2
*22
*92
*G2
*hg
*02

22

*12
*02
*671
*QT
*L1
*97
*GT
*h1
*CT
*27
*11
*0Y
*6
*]
*L
*9
*S
*h
*¢
*2
*7

C-86



= el k-

0004H00S1 AINNTINOD
006£00S1 (WIXdY3= = (WIXSYI (T *P3I°* NIY JT
009€00S1 0°T = (W)xdu3
00.£00S1I 0t 0L 09
009¢00S1 0°0 = (W)xdN3
008€00S1 L 0L 09
00HhE00SI 9T*x*¥(X13/000°T)=000°T = (W)Xd43
00g¢c00S1 (CCOCTTY R (WY XIY3H0TYI % (T
002C00SINWIXAHI+EY ) k(W) XAU3+0Y Ik (W) X JHI+LV ) % (W) XJHI+O9V ) * (W) ¥ 4H3+000°T = ¥XL1O
00T£00S] 9 0L 09 (0°*'G *19°* (W)XJY3) 41
000¢00S1I S 0L 09 (0T7T=30°T *L71°* (W)Xd¥3)y A1
00620051 {(WYX493)saY = (W) x4u3
00820051 T = NI (0'0 *L° (WIXdYF) JT
00420051 0 = NI
00920051 IWONR=W 0T on
005200S1I /009¢90cH0000°¢002.959.2000°¢00CHT02GT000 ‘T
00420051002L260L2600°¢00C2T028224H0° 0048L0C2G0L0  /TIV/OTYIEVIRY ¢V aY VIVD
0020051 (X) 443 SILYNIVAT ANTLNONENS STHL
002200S1 XLATIVOTIY6Y QY LY I9Y NOISIDINd 31an00
00T200S1 YAGWYT T4 4MdgN Y3y
000200S1 ONLS3L ¥393INT
006T00S1 (X443 (0TIONY) IIONIIYAINDA
008T00SI (0) X443 NOISNIWIQ
00410051 (Y XWYVQIISSANZ
009100S1 CLA(2)INILTI Y (2Y3LVAT I WZYIONE (TH!THINDIA (THIYNYOIS (TH)IMNINTS
00610081 P (ZHIONV L THIWNHIIY C (THIMNYLIB (THINNYVEN {TH) AUYEA (THIASAS
004T00S1 SOMNISIOW S TWISSAMNITE (GIMSH (STISTIAONWI2MSNE LLINCOQON! 32IN4

00€TO00SI LINCOAN¢IIN (02) YWAYO ! UNADTIS LV TIXN HVEDS I XUHYEX ¢ 43T 1T  HMdWE
002T00SI ‘UMD HMdd AP INNXITIS (T2) LSYX Y LOAT ¢ JOLT ¢ ZNN/AVH YT QYL C0LS 420152
0nTT00SI CTOLSUMIN T IHL 4N ¢ d2UDS!XOTISAQISZ9IS ANV 43¥AY3A¢ (02) N30T
000TO00SI*(02)VL3HL¢(02)d391S (02)dHLT3A (02)dVIIS (02)UYEN /SWYYYd/ NOWWND
006000SI (STISYINYN!SAN (OTIILILNY (02) dYINWYD 4 (OT) IVLIHLY L
008000SI(OT)INZOIS (0TI IVOIS(0T) THYANTUZ40NVLITINYL ¢ (S0) 1136 (G0) IHd TV ¢ AHag
00L000SI¢(02)8243d¢(02)8AIMNIIV(02)0U3d*(02)SA*(G0)dOLNr ¢ (G0)108Mr¢(G0)LSYLG
009000SI “(0T)ID‘(0T)IQ'YAGWY I THILWITIZAYIAA(ST)IAOWZI (0h) 122 ¢2Y7IX ! AUTIXH

006000SI 24X AYX A HONONY L ONNY L4 (9T MYLIHLAAVRT L }YZ¢ (02) VL38¢ (02) YHA Ve
004000SI ${GT)0291IS4(STIOADISI(STIOXOIS! (ITINIVIS (ITINVOIS (IT) MUVYEANL
00€£000SI CSTID(GTIATIA (STIX3A4(OTIZ(TH) AR (THIXX I GANISANIS LN #MANT
002000ST *IONCIONISZN!SAN'!SXN! (ST)dINSI ¢ (2TIONLSIL /LWVYYH/ NOWWOD

001000SI : Y(LWeYWIOST 3NTILINONEANS

*0h
*6¢
*Qe
*LQ
*9¢
*G¢
*he
*ee
¥2¢
*1¢
*0g
*62
*Q2
¥le
*qg
*G2
*he
*C2
*22
*12
*0¢
*61
*QT
*11
*97
*GT
*HT1
*eT
*2T
*T7
*07
*6

*Q

*L

*9

*G

*4

xg

*2

*1

C-86




002400S1
00T4©00S1

ON3
NYNL3Y

*2h
xTh

C-87



000H00YD X3=dX = IX 12 *0h

006£00YD 0G 0L 09 (¢ *b3* MII) 41 02 ¥6¢
008¢0ayd (AQ)SOI*(W)X3a = AQ *8¢
00L€£00¥D (AINIS*(w) X130 = XA *.C
009¢0ay¥d avd* (W) AT13a = AQ *9¢
00S8¢00Y¥D 0°0 = Ad *G¢
00hE0UYD 0*0 = X0 *he
00ce00aHd (VINIS = vV *C¢
002¢00GY2 (V)S02 = 8§ *2¢
00TE00YD avyxy = v *T¢
000€00Yd (8)S02*0X = dA *0&
006200Y2 (EINIS*0X = dX 11 *62
0032004D (4PIVLI3HL = Vv 07 ¥8¢
00Lc00dd TY 0L 09 *lcC
00920042 (v)VISHL = V *¥9¢
0052¢00Y2 0T CL 09 (2 *03* MII) 41X *Ge
00hec0QyD CVY*(0°09c«0A)A0WY = © *he
00ge0dyd 0 =N *CC
002<c0CYd *VIZHL NOTILO3MIA ONIM 3IHL ANOTY #kk** 2 *2¢
00T200UI*x**x SIXV X IALLISOd HLIM WILSAS VY OL 3ATILVTIIY STLYNIQHO0D *xkxx 2 *1¢
000200YI***x* INANI QIXI1d 3HL S3LVIOY AONV SILVIASHVML IMILNOYENS SIHLk*kk k% d *0¢
0061008 VABRY ¢ 14 dMdN V3 *67
00RTGAYD OMLS3L ¥393LNT *97T
00.T0Q¥D (CIXWYAD4SSANL */LT
00970042 CLAC(CIIANTLTI A (S)ZLVATFWZVONY (Th¢TH)INDIA! (THIMNYIIS (Th)MNIDIS9 *97
00ST0CQYD C(Sh)ONY ¢ (Th)MNHATIV ¢ (TH) MNVLIE (TH) MNUVENY (TH) AHVEAY (Th)ASAS *GT
00h1T00¥D COMNSTI0K S TAT SAMNIT (SINSH (STISTIAOW *ZMSNI L L 1In ¢ QAN ¢ DIONE *h1
00€7T00ud CLINYQAON4DON¢ (02) YWRYO ! MNAQIS 4 LV ¢ IOXN ¢ HYAOS XUVEX ¢ d3Q¢ T ¢ UMIHE *eT
002T00UD ‘UMD ¢ UMD ¢ AN UNXDTS (TSI LSYX LOGT ¢dOLT 7NN QYU WIT ¢ YL ¢C0LS20LS2 *27T
00TT00UD CTOLS MM L HL 1 deUDS4XOISYADISZOTIS ONVIAG YA Y3 (02) N30T *T7T
000T00HD¢(02)VLIHL(02)dIOIS(02)diHLN3T¢ (02)dVOIS (02 ) UVN /SKHYYVd/ NOWWOD *01
006000YD (ST)SVIOWVYNISAN (NT)ILIILMNY (02) dVWWYO(OT)IVLIHL L *6

00B800Q¥2(0T)IA39IS(0T) VOIS (0T) TIVENIHZTI0NVL INYLY (S0) L34 (S0) THA TV ‘ BHI *Q

00400042 (02)80U3d (0S)dA4UNDIIV Y (02)2Y3d* (0C)ISA (G0)HOLP* (S0)LOUN(S0)LSVILS ¥/

009000YD “(0T)IJ‘(NT)IQVAGHVYITITWILWITIZ*AVI3T (ST)QOWZI ¢ (0h)NZZ42ZHAX ¢ AHIXH *9

00500042 CZUXAYX T HOAONY L HAY L (9T AVLAHL CAVAT L HYZ ¢ (02) VL3 (02) YHAIVE *G

00H000Y¥D 1 (STI0ZOIS (STIOAYIS(STIOAOIS (ITINIIS (ITIUVOIS (IT)MYvaAne *h

00g00QYd CSTID(ST)IATIRA (STIXN3A(OTIZ4 (Th) AL (TH)XXIHANSANSLAH  YBNT *¢

00200080 ‘ION‘IOAN*SZN!SAMISXN(ST)JINSI ¢ (2T)ONLS3L /i1WYHVd/ NOWWOD *2

00T00QY¥D (AJT4SXIASYIOAOX A X4 MYQU00D INILNAOYENS *T

C-88




00T800QYD
00080042
00640042
008.L00YD
00..00YD
0090042
00540042
00h.L00Y3
00£20Q4d
002.004D
00T400dD
000L0GHD
00690042
00890042
00.9004D
00990042
00520042
00H900dd
00€£90042
002900y2
0079004dD
00090QdD
00650040
00250Q¥D
00.5004D
0025004D
00550042
00450042
00£S00Hd
00250042
00TS004D
000500add
006100YD
008+%004D
0044H0QYD
009+t00YD
00S#00dd
0041 0GYD
00€H0GYD
002H0Qdd
00140040

ON3

NYNL3y

6 = N

06 OL 09 (A9IS+(W)LISVYX *31* X) J1I

02 0L 09

06 OL 09 ((W)LSYX ™L171°* X) 41

06 0L 09 (0°0 °*37°* SX) JI

08 0L 09 (A9IS+(W)LSVYX *L19°* X) 41

0L 0L 00 (0°06 °*19* V) 4dI

(2% ( (dSV)SOI*ALIS) +2*x ( (dSY)INIS*XOIS) ) LYOS*GI*2 = A9IS

avyxy = dsvY
(C4W¢ (W) LSYX)VYWNOIS YD
08 0l 09

06 0L 0% (0°*0 *327* SX) 41

09 OL 09 (0°*Gh °*L9°* V) dI
Y-0°009¢ = V (0°0RT °39°* V) 4I
((AP)VLIHL=(WIVI3HL)ISHY = Vv

(dSY)SOD*TA-(dSYINIS*TX~ = SX
AQ=dA = TA

Xd=dX = TX

T2 01 09 (¢ *03° MOI) 4JI
(SX)S0J* (W) LSYX+AQ = AC
(SXINIS* (W) LSYX+Xa = XA

CVY* (0 0BT+ (W)VLIHL) = SX

avd* (Jdr)Vvi3HL = dsv

08 GL 09 (0°0 °*37°* (W)LSVYX) dI

06 0L 09 (dOLI °19°* MUM*YO*LOAI °*L71° MA) 41
06 0L 09 (2 °*t3* MII) 41

06 0L 09 (0 °*L3* MEN) dI

06 0L 09

gey1IERS*9+dSY = dSV (0°*0 *L7°* dSV) 41
(IX4TAICHNVLIV=€96L0LG*T = dSVY

T€4064T¢ (TA) 41

T€40€TE (TX) J2

0°0 = dSv

(TAXTA+TX*TX)LHDS = SY

Ot OL 09 (0 *®3* (2)MSH) 4dI

08 0L 09 (0°0 °*37° X) dI

VkTA=8%xTX = A

BxTA=Y*TX= = X

AQ=dA = TA

06
08
0L

0sS

0h

T¢
0¢

*T8
*08
*6L
*8L
*x/LL
*9/L
*GL
*hl
*¢ /L
*2L
*TL
*0L
*5H9
*99
*/9
*99
*G9
*Hh9
*C9
*29
*19
*09
*68
*3G
*%m
*98
*GQG
*hG
*CG
*2G
*TG
*NG
*6h
*0th
*x/Lh
*9h
*Gh
*xhh
*Ch
*2h
*Th

C-89




001£01Yd
000€0lYd
0062014d
008201yd
00L2044d
009201¥d
005201ud
00h204%d
00€20L34d
0022044d
00720144
00020.1Yd
006T0LYd
00870L¥d
00,70L4d
0097044d
00ST0L¥d
006T0LYd
00€70LY4d
002101Y4d
00Tt0LYd
00070.4Yd
006001Yd
008001¥d
00,00L4d
0090044d
005001¥d
004004 %d
00£00L¥d
002001%d
0Q70014d

an3
¢ ) L1vwdod

({SNOTLYINDIVOY
Q30NTDONT NI3S SYH ONIONIAVIS MOILVII4IdAYdIHHO/XFE) LVWMOd
( (SNOTLYTINDYD 3HL NT G30NTIINI N338 SYH AVIINIHGH ¢ XP4H) LVYWHOA

(OVST!X6T*TVY) LVWMOS

MMN LY

T+SANIT = S3IANIT

(02¢0) 31IMM

0h 0L 09 (0°0 *37* 8) 41

T4+S3ANTY = S3NIM

(09¢9) 31Iyn

0¢ 01 09 (0°*0 *37°* V) 41

T+4S3ANTY = S3IANIT

(09¢0) 3LI¥M (0°0 °*39°* V) 41

0T 0L 09

GT+2N = 2N

T+2N = IN

02 01 09 (OaN *39° 2N) 41

an = N

T4S2ANTITY = SIANIT
(2MEIN=T¢(IIINIT¢N (0G9Q) 3LIym
OMN = 2N (OMN *L19° 2N) 4T

GT = 2N

T =IN

¢ = SINIM

gl = N

/ Ht/8r¢/THT/8T viva

(T)3INITT NOISNIWIQ

ONIQY3H 39Vd 3HL SININd 3NILNOWANS SIHL
(GOYIININISINTITIOMNI TLLLHd INTLNAOHANS

08

02

0y

*1¢
*0¢
*62
Q2
*12
*Q2
*G2
*he
*¢2
*22
*x12
*02
*671
*Q7Y
LAAS
*9q1
*GT
*ht
*eT
*27
*17
*0T
*6

*Q

*)

*Q

*G

*h

*¢

*2

*T

Cc-90



000t0X2d
006€0M42d
009€0X%3d
00L€0Mdd
009¢0X2d
00S£0X%Jd
00H£0Nd
00£€0X3d
002£0%2d
00T€0M%d
000€0%Id
00620%3d
00820X2d
00420%2d
00920%3d
00G20XId
00h20Nd
00€20%2d
0022043d
00T20M%3d
00020M2d
006T0NXId
008T0MId
00LT0%Id
009T0Xd
00STONMId
00HTOXId
00ETONId
002T0%2d
00TTOMNId
00070X2d
00600X3d
00800X2d
00L00X%2d
00900X2d
00S00X9d
00400X2d
00€£00%d
00200%3d
00T00X2d

02 ol 09 (M181
0g 01 09 (MAT
(40e N9 TT)ATN4SW 1IYI
((T=1)*%9)SHVYI = 11

0T ol 09 (9

g8 oL 09 (9

= hh0lL WEI -

((T=-N)*9)SQVI = 11T

T+W = W
T+8I = A1
T =N

0h oL 09 (L *47° N) 41

T+YN = YN

T+N = N
~ o= ¥9re
I = Y9171

*p3* 1ST) 41
‘AN ) 41

GT OL 09 (OMN °*37°* r) 41

3NIT ¥3d SOHOM GT ¥O T+4GT mH ar

*19¢ 1) 41
T+ = 1
0=1
(PYINIT = ¥
09 0L 09
W= TW

*19* TNY 41
T+HN = TN
18l = 7

T = 914N
I+ =
0=n0

0 =N

T=HN

W18 = 1381
T =N

97T = an

0 = ¥N

0 = 974N

/70000000000000/%7€1 vivQa
/75000000000000/47191 vivao
{T)ANIT NOISNAWIA

ANIT Y34 SAYOM 61 0 mmzHJ JATSSIOINS OANT LI

SHOV4 GNY 3011 3IHL WOMS SHNYIE JAISS3IXI SIAOWIM 3INILNOY¥ENS SIHY
(OANCINTITISHIVL 3INTLNONENS

04

oge
a2

0T

*0h
*6¢
*Qe
*)¢
*ao¢
*G¢
*4he
*ce
*2¢
*T¢
*0¢
*62
*82
*L2
*92
*Ge
*he
*CQ2
*2e
*1¢
*02
*61
*qT
LA
*91
*G1
*hY
*e1
*¥27
*T1
*07

*8|
*L
*9
*G
*h
*Q
*2
*T

c-91




L Lo

i
s
|
,

00780%2d
00080%3d
006.0%3d
00820X2d
002L0%9d
009.0%3d
00620%9d
0Qh203%2d
00€L0%2d
002L0%3d
00TL0%2d
000L0%3d
00690%3d
00890%2d
00L90%2d
00990%2d
00590%9d
00490%d
00£90%2d
00290%9d
00T90%2d
00090%2d
00650%9d
00850%9d
00L50%2d
00950%2d
00550%9d
00hS0NId
00£50%2d
0025032d
00TS0%d
00050%d
006+40%2d
00840%3d
00L#0%2d
009H0%3d
00SH0%2d
00hH0%2d
00£4H0%9d
00240%2d
00THONId

T=MN = YN

N2 0L 09 (18T °*3IN* ) 41
¥I9T = 1$7

T = A1

pZ 01 09

(PYINTIT = o

0 = 9

W81 = 151

T~-W W

L N

W81l 1

nigenr n

09 04 09 (W *171°* TWY 41
THIW = W

T = IN

08 0L 09 (T *93° 974NY 41
09 0L N9 (2 *17° IN) 47

_ T+IN = TN
ANNTIINOD

T+YN = HN

ho 01 09

C9 0L 09 (T *N3* 974AN) 4R
((TWIANITN¢TII¢N¢940C)ATASK 1TIVD

{(T=TN)Y*0)SEAY] = 11

T = TN

T+TW = TR

09 01 09 (4 *47° TM) 41
W = TW

T+HIBNN = IN

T=d¥N = UN

¥ = 1

69 0L 09 (W19I °*d3° 1*yYo*HI8I °*p3° LS 4T

04 01 09 (gr °*L7* 8I) 41
W = M719WNW
N = ¥I9NN

06 0L 09 (N¥I81 °*3IN® 1) 41

69

9
£9

09

0s

*18
*0g
*6L
*8L
*LL
*9/
*GL
*hi
*cL
*22L
*TL
*0/L
*69
*R9
*9
*Q9
*G9
*H9

*CQ.

*29
*19
*09
*6G
*9G

*1G

*9G
*G§
*hg
G
*2G
*7G
*0G
*6h
*Qh
*Lh
*0h
*Gh
*trh
*Ch
*2h
»Th

C~92




00e80NId
00480%2d
00980M3d
00880X2d
00h80X0d
00E80%2d
00280X2d

N3

N¥NL3Y

T+OMN = QMN (YN *L7°* 81y dJY
axOMN = 9271

9/4N = Q4N

02 0L 09
(CA)ANTIIX 1494 0g) 04SN TIVD

0g

GL

*QQ
*.8
*0Q
*Ge
*he
*Ce
*2Q

C~-93




)
|

P R S

0022003
00220Q3H
0072003H
00020Q3H
006T003H
00810@3H
004T003H
009T003H
00ST003H
004T003H
00€T003H
002T0Q03H
00TT0Q3H
000T0d3H

0060003H
0080003H
0040003K
0090003H
00500Q3H
0040003H
00£0003H
0020003H
00T0003H

aN3
N¥NL3Y

2h = (h)MSH

0g 01 09

9¢ = (H)MSH

08 0L 09

2T = (H)Msy

0g 01 09

9 = (hiMsyw

08 0L 09

H2 = (hIMSY (T *03° MST) 4T

0 = (H)usy

0g 0L 09

0% = (h)MSY

0 0L 09 (0 °®3°® (2IMSM) 4dY

08 0L 09

8T = (H)MSYH

02 04 09 (0 °d®3I° (TIMSH) 41
SHIL0L40990G20H¢0T) 0L 09
C=MSP*E = (CIMSY

(TIMSH NOISNIAWIQ

ONIAVIH J9Vd ONTGING 0L I3N SHILIWVYHYL 1Y L3S
(MS4MSPISHIMSHIONTAIH 3INT LNOHENS

08
0L

09
08
Ot

0¢

02

0t

¥
*22
*12
*02
*67
*Q7
*L1
*97
*G1
*hT
*eT
*21
*T1
*07
*6
*P
*L
*9
*G
*h
*¢
*2
*T

C-94




000400ONE
006£00NE
0gBc0oONE
00LE0ONE
009200N8
00SCOONS
0ohcodNg
00ec00Ng
00cgoaNg
00TE0ONS
000¢00Ng
00s200aNE

008200ONG

00.200N8
009200Ng
005200NG
004200ONS
00£200Ng
002200Ngd
00T20ONE
000200N8
006T00NS
cogtoang
GO0LTOONS
009700NE
00STOONE
004T0ONE
ooeToaNg
oo2to0NE
ootTTOONg
000T0ONE
006000N8
008000N8
00L000NE
009000Ng

00S000NS

00+h00ONS
00£000NS
002000N8
00T00QONS

0% 0L 09

17¥Y = 4%

00T 0L 09 (dOLA °19° TAY 4%

0G 0L 09 (109A °L1° TA) 47

0T 0L oo

dOLA = TdA

dO1A SISSOUI ONOYM

0TT 0L 09 (4044 *37° “dA) AT

A+14X*Y = TdA

14X = dX

LATX S3SSOMI 3WNSSY ¥INYOI ANVH L4311 Y43ddn
04 01 09

14 = dx

0C OL 09 (L1084 *17° TAY 41

0L 0L 09 (dOLA °*19° TA) d1

O 0L 09

LIYY = d¥

LIYX S3SS0¥I IWNSSY HINYOD ONYH 1HOIN ¥3IMOT
0T 01 09

1094 = dA

108AA S3SSOYND INONM

0TT OL 09 (L0€A *39° 7dA) 41

G+1dX*Y = TdA

147X = 14X

L4IX SIASSOYI 3WNSSY YINYOI ONVH L4377 ¥3M07
0T 0L 09

1094 = da

0¢ 0L 09 (14X *19° 1X) 41

0G OL 09 (1I¥X *19* TX) 41

. 0TT 01 99

¥/ (8=1dA) = WX

dOLA = dA

02 0L 09 (LOBA *17° TA) 41

09 01 09 (147X *17° TX) 41

06 OL 09 (1IuX °*19° TX) 4T

IX*xV=TA = @

(IX=1SIX)/C(TA=1ST4) = ¥

A IEX 1 JOLACLOEA ¢ L 4IX L TUX /SANA/ NOWWOID
S3XV 40 30QISNI SINIOd 107d INIINODD
(LSTAYLSIXTACTX)ISANNOS INTLNOYSNS

06

0@
0L

09
08

04
0¢

02
01

%04
*6¢
#*RE
*Le
*3¢
*¥Ge
*he
*Q¢
*2¢
*T¢
*(0¢
*62
*82
*L2
*9¢
*G2
*Hh2
*¢e
*22
*12
*02
*67
*Q1
*LY
*07
*GT
*hT
*¢T
*21
*TT
*07
*6

*Q

*/

*Q

*G

*h

*¢

*2

*1

C-95-




00Sh0aNE
0041 00aND
00€h0aNG
002600NE
00TH0ONS

aNg
NMAL3IM 01T
08 0L 09 -
_ 13¥X = 4% got
114% S3SSOUD INNSSY HIANUOD ONVH LHOTY HIddn

*Gn
*hh
*h
*2h
*Th

C-96



000HO0LYHA
006€01YA
008E0LYA
00LECLYA
009€01LYA
00GEOLYA
004HE€0LYA
00£€0LYA
002€01¥A
00TCOLYA
000C0LYA
006204 YA
0082014A
00L204YA
009201 4A
00G20LYA
00h20L YA
00€20LYA
00220414A
00T2O0LYA
00020LYA
006TOLYA
008TOLYA
00LTOLYA
00STOLYA
00STOLYA
00HTOLYA
00eTOLYA
002T044A
00TTOLYA
000TOLYA
00600L4A
00800 LYA
00Z001Y¥A
0090014A
00S00LYA
00H00LYA
00€00LYA
00200L1YA
00TO0LYA

0€T 0L 09

2+AON = ADN

(I+CcI)Hr = (I+AON)HOLST
2¢1=1 001 00

OTT Ol 09 (T *19°% wr) 4d1
2+1T=2I = ADN

(I)er = (2+TI=-1)¥ols!
2ITI=I 06 0Q

(hyer = (T)HoLST

64CI = €I (4 *03* odysI) 4I
, = ¢l

27
11
N9

o

O

O
0t

8
L
08 ©
€
T

Wikt un
=
(04

SHY(0L'09¢0G'0H10E) 0L 09
2g 0L 09
m-
h+11
61
0T 0L 09 (0 *19* (2)MSH) JT
1¢ = 11
02 0L 09 (1 *19° WMy A1
, LINN H3IOAUINT
(STILINNG (2YTTIN¢(2TIHNT

1
(411
e

tathdlenIerlatigr(e)Lri(orsnri(ghierd (nleri (e) Tr /187118/ NOWWOD

(TIYOLSI*(TINSH NOISNIWTO

(ADNCGAINST HOLSI*MSHIWN4SH) ITILHA INTLNOYANS

00T

06
ca
19
0e

0L

09

0s

oh

o¢
02

0T

*0h
*6¢
*/e
*LLe
*9¢
*G¢
*He
*ce
*2¢
*1¢
¥
*62
*R2
*/2
*92
*G2
*H2
*C2
*2e
*T2
*02
*61
*Q7
*L1
*97
*GT
*H1
*¢T
*21
*TT
*01
*6

*9Q

*L

*9

*g

*h

*Q

*2

*T

C-97




.. man

009401 YA
00SH0LYA
00hH0LYA
00€HOLYA
002H0LHA
00THOLYA

N3

NY¥N.L3Y
(ADN*HOLSIISHIVL 7IVI o€t

v E4AON = ADM
ﬁnmnHVhHZD = (I+AIN)IMOLST 027
geT=1 027 00 017

*9h
*Gh
*h
*Ch
*24
*T4

C-98



00040411
006c0d

008god

00,0477
00scod
005c0dM
00he0dM
00£€0d1
002e0d
00Tg0d1?
0o00g0d1
00620477
00820471
0oLzodT
00920477
0082041

00h20dTINIVA NOILVHINIONOD ¥O 39VS0Q == 3ISYD SIHL S1071d ON *x OHOg) LYWMOS 0602
((/(IHT*C 0TI =HTITYX0T)G)2) LYWNo4 0802
((HT¢TV02T*)=0THH X2 TV !XT) LVYWHO4 0502
((HTITYOZTIHT/2I4XQeTYXT) LYWMHOL 0402
((HT4TYO0RTIHT/2YIXC TV IXT) LYWHOL 0802
(VG ¢XhS/0THZ (XOT{SHYIXGT/ZHT ' XTTI0THZ)CIXO/TT¢ (X6S¢TTIVC T
008TOdTIXB/ (HT 4 (THT 4 (=HT) TT4IHT (~HT)STIIHT 4 (=HT)TT)C¢IHT ¢=DTHT ' X%) LYWNOS 0202
) ({HT { {==m=emHG) 024 HT IXL) LVYWHOS 0TOZ

00€204M
0o220dT1
0otTeodi
0oo20odMN
006104717

00L10d77
00970d17
008104

COETOd T
002704

00TTOdTTIHZ $=HHZ #=0HZ $ 2 4HZ 4 =3HZ 1 =OH2 ¢ =0HZ + =8HZ ¢ =¥H2 /1 T¥D

000T0dM
00600411
0aecodN
00400411
0090041
00500411
00400417
00£00dT

((I)HYX)0T901Y = (I)dX (2 °*3IN* MSI) 4JT

(1uYyx = (144%

00G OL 09 (0°0 *37° (1)uyx) 4t

ONN4LSMN=T ST 00

00S 0L 09 (ASN *37* ONN) J1

0T 0L 09 (0°C *37° (ONNIYVA °*HO® 0°0 *37° (ONN)NYX) 4T

S 0L 09 (0°0 *37* (LSNIYYA

00S Ol 09

00S 0L 09

XYWA NIWA

(T °37°* ONN)Y 41
T=ONN = ONN

*HO* 0°0 *371°* (LSMIMYX) 4T

(N *39* iSN) 41

T+LSN = 1SN
0 = 1SN
.THN = ONN

023°T= = XV4A
FXYWX CNTWX ONTd

(//%% 3ONYY 40 (N0 AT8YBOYd 3¥Y S3T

/ He2!-gHZ2¢-GHZ2/dX31 Y1iva
(AU TIZISA) 4 (XATITIZISX) ¢ (TIIATIDSY e (11T
00HTOdTNA¢X1IS) ¢ (AUMDT 4 JYYHI) ¢ (XUMST ¢ LH) 4 (LSNTIWEA) ¢ (ONNY TWIIX) 3IINTIYATIADT
(TACSIAY (IO 4X) ¢ (F4INTIT) ¢ (N3BYIHXATH) TINIWAINDT

/¥HT/HVLIST ¢ /=2PHZ =T
4/ HI/MNVIRT vivO

/L2/HIN/ (SHIALIW) JONVISIG ANIMONOTYHLZ/TIGVIH viva
FZIJAIZIIXMOXYWAINOXYINX P MST /0M1TLd/ NOWWOD

(T)2443A

'

HON/ (G)138VIHICdT 24T/ TAT *UYLST MNYIEI¢ (0TI LIY¥IT /HEIVII/Z NOWWOID

(e)YdX3TV(S) XY

COTYSACTIAXC(TILTUD (TIINLTL (0TI NIV (TIUVA (THUHYX NOISNIWTIO

TIZISATAZISXT

.»Jum.xJum.mm<Iu.hI.azm>.asz.sz>1x<2>.zusx.xmzx /S17d1/ NOWWOD

ING(IWNN (T

00200dTITH) TAC(THI IX (THIQ/ (TH) D (THIB(THIVLTHI X {TH)dA ZLAAXAX/ NOMWO)D

007004711

CADNTIDLYIA Y OMN LTUINC LTI I IVLTLONOHYX ¢ HVA) 10T INTLNONINS

01

*0h

*6e

C-99




e ———————

0018047
000804717
00604171
008404171
00440d4M
00920411
00S.04711
004H20d717
00CL0dT

002,047

00TL0dTY
000,047
00690477
00890411
0049041
00990471
0059041
00490411
00£90d71
00290471
00190411
00090d11
00650411
00850471
06,5041
00950417
005504711
00hS0dTY
00250417
002504
00150477
00050417
006£041
008h0d T
00Lh0dT1

009004

00SH0d T
004h0d1Y
00SH0d17
0026041
00TH0d N

02T1=M S9 oQ
3NNILINOD

. L9 01 09

O LTIHIT = (T ENITY
02T1=11 0 0Q

0h OL 09 (SG2T1¢0°0 °*19° .%mzmluumuanzvauxuvoaoOJ<vmm<v 41

04 OL 09 (0°0 *37* (HYMILIYD) I
LINONCT=MY 04 00

.09 0L 09 (6 °*H3* LINON)Y 41
02¢09°09 {(LINON)Y 41
G290°0%(IT)IV0Nd = 114

Teg4=11

ANNTLNOD

(IVIC0¢ (2ACYTIDLYIA4S ((T=THM)»9)SBYIIATASW WD
T+SHP = 2%

T = 1N

9T 0L 09 (L *17* tury 41
T+TH = TP

LT 0L 09 (ADN *19° 1M 4t

THLP = 4P

LT OL 09 (ASI °17°* I) 41
(€)edX3T = 1IVI

eh'T=1 022 oQ

2/ (AON=84H) = IS}

0 = in

T = 2y

= T™n

SANIT UIAIMIND B9 UOS4 4007
(0T02¢9) 3LTuM

(o*0‘0* a-.m4h~».mmzHJ.o;vap»hmm 1)
- NOTLVWHOANT 3111 ININd
(AYMJDT)LVOTS = AYUMd

2 = XUMdI (2 *17* xumdl) 41
20T=(0°NOT+XVWA)INT = AYMdl
00T=(0°00T+(LSM)AXIUINT = XMMAT
SINANTLINOD

0231t~ = (1)dA

ST 0L 09

(I)4A = XUYWA ({XI)3A *L7* XVWAY 1
({IYYYA)OTOOY = (T1)dA
4T oL 09 (0°0 *31* (1)yvA) 41

09
0h

0¢

oe

L1
91

st
w1

2

2

*19
*09
*6L
*0L
*LL
*9/
*SL
*hi
*CL
*2L
*TL
*0L
*69
*89
*L9
*99
*G9
*h9
*C9
*29

*19
¥09
*6G
*85

%L
*9G
GG
*hG

~*€G .

%28
*19G
*0S
*6h
*Q4
*Lh
*94
*Gh
*th
*Ch
*2

*1

<

C-100

Rt e



00€21d411
o0o02etd
00T2TdM

000214711

006TT4MNM

. ON3

NinL3Y
(0602¢9)3LTHM
. NYN L3y

(LIMONOT=Y (T

008TT4TIIILINIC(I) LINIT) (0B802¢9) ILIUM (6 *L71° LIMONCANV®O *19° LTIHON) 4T

00LTTdM
009114
00STTd 1
00HTTd
00ETTd
0021Td11
00TTTdT
000TTdM
0060Td11
00807d711
00,0141
0090141
0050Td 11
00H0Td T
00£0Td 1
002017411
00701411
00007431
00660411
008604
00260411
00960471
00560411
00460411
00€60d77
00260411
00760411
00060411
00680411
00890411
00480471
00980471
.00580d11
00480411
00€80d711
00290471

3NNT LNOD

NI UAXATIAXITIVI (0g02¢9) 3LIYM (T *19° 1) 41
2 = dX31 (TT *93° (9T¢1)A0W) 41

061 01 09

T = dX31

08T 01 09 (g °*3IN® (9T¢I)AOW) AI

. 022 01 09
XQ144edl2dT ¢TI XUMDT (0207¢9) 3LIMM
C+XUMLT =
24XMMdAT = 241

THXMMAT =
: 022 01 09
ANIIIVI (0S07¢9) ILtym
1LT OL 09 (84 °*B3* I) 41
022 oL 09 (T °*03* I) Jr
GLTNLTIGLT (I~-gh) dI
09740474091 (I-2¢) 41

0ST¢0LT¢0GT (1I-9T) 4T

022 01 09

ANIVAXATAIVI (0402¢9) ALTYM (T °L9* I) 4T
AHRdI=dX AT

OhY02T/0hT (I=Lf) 4T

0£T 0L 09

T+AUMII=gX 2T

0TT¢N0T¢0TT (I-T8) 47

0€T 0L 09

2HAUNII=(X AT

0600406 (I~GT) 41

ANNIINGD

YYLSI= (I 3INI

0L 0L 09 (02T *19* ™1 *¥O* T *171* N A1
XYMDI*0h=(G°0+0°0h* (") 4X)AINT = 1

0L 0L 09 (SG2TC0°0 *L9° (AYMG=TId=(N)d4A)SaY) 4T
QNN LSNP 02 od

WNYIET = (r)aNIT

00S
0L¢

022
0671
097

QLT

LY

0LT
091
0GY
0h1

0cT
021
0Tt
00T
06
08

0L

L9

*C27
*227
*127
*02T
*61T
*ATT
*TT
*0T7T
*GTT
*HTY
*e¢TT
*2171
*TT1
*0TT
*607T
*Q0T
x0T
*90 T
*G0T
*h0T
*€01
*207
*T0T
*007Y
*66
*06
*/16
*96
*G6
*ho
*CH
*26
*T6
*06
*69
*99
*28
*99
*GQ
*HhQ
*Cg
*2g

C-101




© et

000407187 : / *N¥N8 MOTS ‘NY¥NA 3NION3 T
006£019TI3I9NIS SHIONNYT TYWHON *3Y¥Id J11VLS Hae/gM YLVQ
008¢0787 . / ¥V WOo¥d ONIMNMOQ HRT/LM viva
004207187 . /S¥3AL3IN 40 1HOI3H V 1V Hog/sh viva
00907187 /SHT ¢ONOJASHY ¢ ZHT ¢ kT
00GC0N18V/ONHG ¢ CkkW/HG?D3S OWHIICHT  k*W/OWHQ# DHT - 3S WdAdH9 ! HT ¢WddHE/HlP VYiVa
gohg07187 /N1 Hez0Tr viva
0007187 / HTINOTILVYHINIONOD ONOTD 3IOVYIAVY HEZ¢ HTx2¢

002¢07181439YS5SVYd ONOTY 40 IWIL H2S2¢! HTNOILISOd30 NOILYIILII3Nd HG2? HU=*C!2
00TEO0TI8ISNOILYINDTIVI HCT¢ HTNOILISOd3A YNOILVLIAYYHO HG2¢ HI2*Z/NOTLIVMINIT
000€01GIONOD NVIW=-IWIL HHZ¢ HI*+H¢39VYSO0 HL¢ HT*CINOIJLVHINIINOD HhT/EN VivO

006207187 /g0ev 20l 0d TOH He2/20M viva
00820787 /31NNIW RL/TTN VivQ
004207187 SHIZJOSI3NITUILNID WNWTXVN 40 SNOILYINIVIRKG/TN YivO
00920781 /6.00000000000/4181¢/5000000000000/%191 viva
005207181 /¢€¢00000000000/47181¢/0900000000000/%7181 Vivn
00h207187 hh0L HO4 SIN3WILYLS OML ONIMOTNTI04 IONVHI
00¢e04187 / H9/¥NIRY viva
002207181 ON1S3L ¥393INI
007207181 (INITAYYEA) 3ONIIVAINDA
00020787 (STYLINN¢(2)TTIN ¢ (2T)HNY
006107187 0TL4(ET) 6N (AT (L) LI (ISP (@h)ert (h)er () TM /18T11877/ NOWWOD
008707187 (T)3NIT NOISNIWIA
00LT07187 (€)XWYAI4SSANL
009107181 CLA(ZIBWILT(2)YILVATHZYONY (TH! THINDIA (Th) IMYOTIS (TH) HNIOIS9
008107g7 C(2H)ONY ¢ (THIANHETIY E (THINNYLIA! (TH) MNUVEN (THIAUVYAL (Th)ASAG
00410787 COMN/STOW TWI ¢ S3NTIT¢ (SIMSH¢ (ST)STAOW SMSN Y LLANY QOGN IIING

00€70787 ¢JINCOONION¢ (02) VHWYO INNADIS LV TIXNUYEDS I XHYBX 1 dF0 I T ¢ YMdnE
0G2T018T 4 YMAD UMD AN I NNXITSY (T2) LSYX 4 L0BI ¢ dOLT ¢ ZNNQYYNTT1OHL¢C0LS? 20152
007107187 CTOLSINNIM T HE ¢ d2UDSXDTIS AO1S¢ZOTS¥ORY I dTYAHIA ¢ (02) NT1ACT
000T07187¢ (02)VL3HL4 (02)d391S¢ (02)AHL3Q¢ (02)dVOIS (02)¥VEaN /SWYYYH/ NOWWOD

006007187 (ZTISYIWYNSANY(OT)IL/ TN (02) dYWNYO (OT)IVLIHL ¢ L
008007187(0T)139IS¢ (0TIIVAISY (OT) HYBN*IUZ¢I0NVLINYL (G0) L3¢ (50) THITY * 8Ha
0020078714 (02) 82434 (02)BA#UNIIV Y (02)I¥AL! (02)SAY (G0)JOLN¢ (G0 LOBN IG0) LSVIG
0090071871 ‘(0TI IO (0T)IIQ¢VABWY T/ TWIL/WITNZAYIAAY (STITONZI (041224 ZYHTIX ¢ AY XY

005007187 CZUXOAUXTHONONYLIMNYL  (OT) MY LIHLAVWIL ¢ NYZ ¢ (02) V1394 (02) YHIIVE
00+h007187 ‘(GTI0Z9TIS(STIOADIS(STIOXIIS (ITINIVIS (9T )INYOIS! (9T) MYYENS
00£007187 H(STID(STIATIZAUSTIXIZA(OTIZ2¢ (THI AL (TH) XX BANISANSLIAN ¢ NBNT

002007187 ‘ION‘YICON!SZNISANSXN! (GT)dINST 4 (2TIONLSAL /1WVEYd/ NOWWOD
00100787 (M)ST3aYT ANTLNOYENS

*04h
*6¢
*@¢
*LC
*9¢
*G¢
*4¢
*C¢
*2¢
*1¢
*0¢
*62
*02
%12
*92
*G2
*42
*02
*22
%12
*02
*6 1
+91
*L1
*9T
*GT
*4T
*C T
*Z 1
*T1
*07T
*6

*Q

*L

*Q

*G

*

*C

*2

C-102




00780797
000807187
006407187
008407187
goLL0187
0094071871
005407167
‘004207187
00¢.L07187
00240781
007407787
00040787
006907197
00890797
004907187
009901787
005907187
004907187
00€907181
002907187
00790787

000901871

00650787
608507187
00450781
00950718
005507187
00hg0187
00507187
002s07a1
00750187
000507181
0064071677
00840787
002407187
00940787
006407187

00H%07187

00cH0787
002407187

HeT=r 09T 00

M 69T 0L 09 (G *©3* (9)dINST) 4T
\ _(94M)ONLSIL = (TC+F)INIT
| w7 pet=r 06T 00

(PILP = (82+,)INTT

geT=r 0hT OQ

UWNAT ¢ (92) INTY (%) 122) SHEWN 1Y

.,

ajvmn = Avm+ﬁ.uzu4
=" 0711 2a

(N)h n aom+1.mzﬁ4
h e = N
241= 0 0N

07T = W (9¢ *03° (HIMSHM) 41
2H = W (9 *n3I* (4IMSHY AT
.= W (8 ‘03 (G)JINST) 47
0=w
08 0L 09 (8T *H3* (HIMSH'UG*0C *03I* (HIWSH) IT
g =N
00T OL 09 (hZ *p3* (HInSH) dt
0T = (02)3INIT (H2 *3N® (HIMSY) 4T
(NYGP = (ST+r)3NIT
e ihIMSE = N
- 9iT=r 0L 0Q
(2)ITIP = (CT)ANTT
(TYTTN = (27)3INTT
(WNAT¢ (0T)INIT4G)SHEWN 1IVD
0°09/AVRNIL = 0
09 N1 09 (27 °*3IN° (HIMSH) 41
(2TIONLS3L = (6)3INDT
(TTYONJS3L = (g)INTT
06 01 09
(WMZr = (g)YaM1n
(G)dINST = N
0h OL 09 (MNI8T °*3N°® (TT)ONLISIL) 4IT
(M) TP = (S+L)IANTN
f+{Qiney =
eiT=r 02 0N
WAa1 . = (P)3ININ
62'T=r 0T od
. S1 3899 vsHI9o010t

Co0THOTETHO3L3W AHL ANV monh<JDuJ<u 3HL NI 43sn m«z AIACHRL/6M YLVO

st

0nt
oet
011
00T
06

(1]¢]

0L

0s
ot

og
02

(1) 4

*19
*08
*6L
*qL
*LL
*Q)
*GL
*hl
*QL
*2L
*TL
*0L
*69
*Q9

*L9

*99
*G9
*4H9
*¢9
*29
*79
*09
*6G
*0G
L JA
*QQ
*GG
*4HG
*CG
*25
*16
*0)G
*6h
*Qh
*Lh
*Qh
*Gh
*hh
*€hH
*2h
*ThH

C-103




o0eTt g
00211787
00971781
00571181
0041171871
00€71791
002117187
00117781
00071787
00601787
008077187
00,017187
00901787
005017187
00401787
00£077187
00201781
00101797
000077147
00660787
008607181
00.607187
009607181
005607187
00560787
00£607187
002607187
001607181
000607187
00680187
008807487

0048071871
gg9ecaT

005807187
00480787
00¢807187
002807197

N3
NY¥NLIY
(aMALeINTT)SMIVL 1Y)
Sp = aaN
amne (g2 eaoT) 0L 09
r = sp
((MI3NITISAIdIAT¢98 08I A4S 1Y)
((T=})#9)SAYT = P
\ 140 = p
. T =N
012 OL 09 Ws °§°* Ny 41
. T+N = N
022 0L 09 (d41¢FT °03°* Wy 41
16T 0L 09 OIMEI °63° W) 41
Az.on.ﬁu,mzHJQo‘uv,QJumz 1Y)
0 = W
ﬁﬂﬂ\z,*ovmn<u = sp
1P = p
9 =N
002 0L ©9 (0 °19° Ny i1
T~N
L =N
2 = amN
g+ = 0
= (SP4MA)INTT
o¢T=P 08T 00
CI+SP = P
(WNAT 4 (2450 INTT48) SHEAN 1Y)
SaW = 8
(PY6er = (SP+r)INIT
‘ eTeT=r 047 00

;

,\ﬁavozhmuk

. T4SP = &0 (9 °pI* Ny 4T

061 01 09

T = OnN

6 = n

(NYBP = (Ge4P)IaINTN
Peh=tkx (9)dINSTI = N

0g2
0z¢
0te

00?

T61
067

09T

LT
91

GoT
0o1

*9TT
*L17
*QT7T
*GT1
*HTT
*17
*211
*TT71
*011
*HN0T
*Q0T
*/01
*907T
*G0T
*ho0T
*¢0T
*207
*T07
*007
*¥66
*A6
*L6
*9¢
*G6
*he
*CH
*26
*16
*06
*68
*0Q
x/Q
*99
*GQ
*hQ
*CQ
*28

C-104

T



00LEONWKW
009CONWK
00SEONWKW
00HhCONWKW
OO0ECONNKW
002CONWW
00 TEONWW
000 ONWKW
006CONWNW
00920NWKW
00L2SONWNW
00920NWKW
00S2ONWNW
00Hh2ONKNW
00E2SONWNW
00220NWW
OO0 T2ONWKW
0002ONWKW
006 TONWNW
O0BTONANW
OCLTONWKW
009 TONWW
O00STONWNW
00H TONWKW
00ETONWW
002 TONWKW
00T TONWW
0D0TONKWW
00600NWKW
0OB00NWKW
00LOONKW
00900NWKW
00S0ONWKW
00HOONKNNW
00COO0NNWKW
00200NWKW
O0TOONWK

NIW QNY XYW DJT1YD 3yY O ONV D

Hur-9
[ NURS W Jo ¥ |

N

N¥NL3
8
v

06 01 0
f*x0°*0T =
09 01 09
T =P
0L 0L 09 (XX *37°* (r=))ivod) dT
=~ = (0°0 *L7Y* O) 41
0609405 (Q=X) A7
r X
a n
(Q)ont1907Y Q
4 a
ot 01 09 (0°0 *2A7* 4) 4d1
0°T a
Axx0°0T 2
N T+M A
0z¢0c02 (J=X) A1
A X
o] b
(3)0190Y J
ONITYIS 907-907
Y = XX (0°0 *19° V) dI
0°h = XX
ANNTINOD
06 0L 09
d=a
=9
ONITIVIS HV3INIT
08 04 09 (0°0 *19° V) 41
0T 04 09 (2 ‘®3* MSI) 41
NIW ONV XYW 3INIW¥3L30

¢NIW ONV XYW LNdNT 3Y¥Y 8¢V 3ONYISIQ
*SA NOTLONNS ONILLOTd ¥Od NIW ¥ XViW SINIWMALIO ANILNOYENS SIHL
(MSI¢44¢3¢04¢2/8¢Y)MIWXVH 3NILNOYANS

06
08
0L

09

0S

Oh

(11
02

0T

VOO

LVA
*gQ
*Ge
*he
*¢¢
*2C
*T¢
*0¢
*6¢
*Q2
*/2
%92
*G2
*he
*¢2
*22
*12
*x0)2
*67
*RT
*LT
*9T
*G T
*41
*CT
*27
*TT
*07
*6

*Q

*/

*9

*G

*4

*¢

*2

*T

C-105



00040SS
006£0SS1
008€0SS

00L£0SST

009€0SS1
00S£0SS7
004H£0SS
00€£0557
002€0SS"
00T€0551
000€0SS™
00620551
00820557
00220557
00920551
00520551
00420557
0020557
00220557
00120SS7
00020557
00670557
00870551
00470557
00970SS1
00510557
0047055
00€70557
00210557
00770551
00010557
00600S57
00800557

(TOZACTAINIWACXYWASZANCXYWAINTWXYIW TTVYD

(TOCTLIX (BRI XONTHXOXYWX® (TR)XINAXVYWXINIWXYW VD

XN = 20

. T=1r

00 = 24 (T °*03° ¢ry d)

09 0L 09 (2 °*d3A* mSI) 7
ANNIINND
I=¢r

06 01 09

= 2A (2A *19° (YA dY

(IDA = TA (TA *19° (I)A) 1
= 2r
I¢ 0L 09

.=

0¢ OL 09 (0 *19°* 1M) 41
Ot 0L 09 (0°0 °*37° (1I)A) 41
XN*T=Y 0g 0Q

0=¢r

0230°T 2A

0 2r

0 "

. 00 TA
S3XVY HL108 Y04 NIW ONV XVW 3INTWHY3ILAQ
J2IJ3K = 1321SA

3Z2I3X = 1321IsX

NLA = TWiA

MYX = TWHX

NARA = TWAA
: NIX = TWAX
/7°224¢°H29°20T*29¢ C/NLANYX INAANIXNASIO VLivO
TIZISAITIZISNT

$ATIS XIS JUYHD ¢ LHE TWOA Y TIWIXINIWA ¢ XVWANIWX XYY /SL1dT/ NOWWOD

IN¢(CIWNNC (T

00L00SSATHIIAC(THIIX¢(THIA(TMILTHIBI(THIVI(TH) X (TH)dA /LIAXAX/ NOWWOD

00900SS"
00500SS1
00400SS7]
00€00SS7
00200SS7
00T00SST

HON¢ (G) 138V IH! €I 2dT ¢ TJI YV LST HUNVIEI Y (0T) LIYDW/HIIVIT/ NOWWOD

(TITH4(TIA(TIX NOISNIWIO

A ¢ VdX  JOLA ¢ LOBA ¢ L 4TIX ¢ LTYX /SANE/ NOWWOD
FZIDAAZIIXNAXYWAINPXYWX ¢MST 70770 7d/ ‘NOWWOD
YYINIT T = MSI 41 /9071=9071 2 = MSI ST

(YYHONAINYONIOITN3QYIA ¢ T4 AN XN A €X) LJOSST ANILNOYENS

0s
04

1¢
o¢

*0h
*6Q
*Q¢
*)0
*0oe
*Ge
*Ho
xce
*2¢
*1¢
*0e
*62
*RZ
%12
*a2
*G2
*Hh2
*¢e
%22
*72
*02
*67
*QT
*LT
*97
*GY
*hHh1
*CT
*21
*T7
*01T
*6

*Q

*2

*9

*G

*4

*Q

*2

*T

C-106

- -3y -




00180557
00080551
006L0SS1
00840SS7
004L0SS7
009£0SS7
00540551
00620557
00£L0SS7
0020557
007L0SS7
00040557
00690557
00890557
002905571
00990557
00690557
00490551
00£905S7
00290557
00190557
00090SS7
00650557
00850551
00450SS1
00950557
00550557
00450557
00£50SS1
00250557
00150SS7
000S0SS7
006H0SS1
00840557
00240SS7
00940551
00550557
00440557
00€H0S51
00250551
00TH0SS

P 022 01 09 (0 *37° ON) 4T
T+IN=2M = ON
3AUND L107d

(YYHONYONIOITEHON ADN 4 13BYTH O IIAYIN Y MST I SAXYIT 1Y)
S3aXV MYua

8 = JYvy4yd

el = 1H

(0)A3WYYd YD
(0¢0¢040)ATIWLAS 1IVD

INNTINOD
(NTWAYOTOOTIY = 1094
(XYWAYOTOOIV = dO1A
(XVWX)OTO0IY = JLTIMX
(NTWX)OTO0IY = 1d47¥

ANNTINOD

911 0) 09

NIWA = L09X

XYWA = dolA

XYWX = 1IM¥

NIWX = 147X

GIT OL 09 (2 °*®3* MSI) At
ANNTILINOD

((NIWA)OTOO0MV=(XYWAYOTOOTY)/TIAZISA = A0S
(INIWX)O0TO0TV=(XYWX)0TO0V)/T3ZISX = X1OS

0TY 0L 09

(NIWA=XYWA)/T3ZTISA = A0S
(NIWX=XYWY)/T3ZISX = X108

00T OL 09 (2 '03° MwsI) 41

37vIS 1071d INIWH3IL3N

3NNILINOD
(CIZA'TAINIWASXYWAIZANOXYWAINIWXYIN TTYD
(24dX 1A ENIWX ¢ XVINX ¢ TdX ENPXYIXI NTWX Y 110
(2r)X*x0°0T = AdA

(TH)X*x0°0T = TdY
19 0L 09
T+10 = TP

0L 0L 09 (00 °*L9* (Ir)X) 41
0ge 0L 09 (0°0 *37° TA) 41
08 0L 09

917

GIY

0TT
00T

06

08

0L

19
09

LY VO

*18
*08
*6L
*QL
*)L
*9L
*GL
*hl
*CL
*2L
*TL
*0L
*69
*Q9
*¥/9
*Q9
*G9
*H9
*C9o
*29
*TO
*09
*6G
*9G
A
*0g
*GG
*HG
*¢G
*24G
*1Q
*0G
*6h
*8h
*Lh
*9t
*Gh
*hh
*Ch
*2h
*Th

C-107




Tt A ea s o S e S R ——

B it

00221Ss1 dS10=d¥VHI®(IN) LVO1d=T3ZISX+TWIX = 2X
00121551 INIX=TWIX = TX
00021551 (ON‘WANY () T4)SYBWN TIVD
00611SS7 0T2 0L 09 (TIZ2ISA+TWAA *19° SA) 41
008T1SST 012 OL 09 (TWEA *17°* SA) 4T
00LTTSS TWEA+ATNISHINIWA=({T)T4)0T90V) = SA
009TTSS1 IeT 0L 09
00GTTISST TWAA+ATIIS* (NIWA=(T)TIA) = SA
00HTTSS 0CT O1 09 (2 *d3A* MSI) It
00€TISS . ANIT=T 0otz 00"
00211SS1 (NIWAYOTO0Y = NIWA (2 °*©D3* mMSY) 41
00TTTSST g = JINIY
0001 1SS 022-0L 09 (6 °*B3° AN*HO®0 *©3* AN) d1
0060TSS1 (VIZINCLASIX) 104 1v)
00801551 - INNTAINOD
00L0TSS : N = N
0090TSSY (T=T+IMA = (1)dA
00S0TSST (T=T+Tr)X = (11X
00401SS7 IN¢T=T1 921 00
00€0TSST €21 04 09
00201551 dxX = (N 1Y
0010YSS1 (1999991 ** (dAT
0000TSST *(I)V+(T+DII+ (1) I*0°*2)* { (I+TPAIX=TdX)+ (1) Q) % TdA+{T=T4+TMIA = (N)dA
00660557 (T=T+TM) X=X = “IdA
00860SS7 T+N = N
00,6055 L2T OL 09 (28 *39* N'YO*2M *19° Tr+1) 41
00960557 . 1+ = 1
00860557 2T 0L 09 ({1+IM)Y *17* dX) A
004605571 XQ4+dX = dX
00€60SS7 T =7
00260557 0 =N
00760SS7 XO=(TrIX = “dX
000605S"1 0°287(LTrYIX=(2MI¥X) = xQ
00680557 G2T 0L 09 (1 °*©3* ¥3l) 41
00890557 (YIATONQIO¢QIY I (TMIA(TIMIXIININGS TIVD
00,805S1 GZ2T OL 09 (¢ *47° ON) 4%
00980557 INNTLNOD
00580557 ANNTANOD
00480SS1 ((IAYOTHOW = (1)A
00£805S7 2réIr=1 o2t oa
00280551 T2Y 0L 092 (2 *3N* MSI) 41

Ter
oet

L27
921
a2t

LA

eer

121
0271

*221
*71271
*027
*6T1
*QTTY

*L1T.

*aTT
*CT171
*hTT
*CTT
*2TT
*T17
*0T7
*6071
*Q0T
x0T
*9071
*GO0T
*h0T
*¢0T
*2071
*107
*007T
*66
*96
*L6
*96
*G6.
*h6
*C6
*26
*16
*06
*68
*R9
*)8
*98
*G8
*H8
*eQ
*28

C-108



00047SS7
006£1SS"
008€TSS
002£75S7
009€1551
00S€TSST
00HETSST
00€€TSST
0021557
00TETSST
000€TSS
00621SS7
00821SST
00,2155
0092TSS1
00527SS1
00h21SST
00g£2TSST

N3

NYNL3Y

INNTLNOD

3NNTINOD
((0°H=SAIXIAT ¢ (INIX+2XIXTAT I/ IWNANSIN) ALNINL T1TVD
0hT 0L 09

¢ = 91

00T OL 09

= a1

09T 0L 09 (2 *m3* 81) it

IX = dX

) 0LT 01 09 (2X *39°* IX) 41

(06 (NdX=TXIXIAL¢(SAIXTIAT ¢ (NAX)IXISTIIAZ3NTIY VD
0ST 0L 09 (¢ *®©3°* 9I) 41

"2X = TX (2X *39° X)) 41

INIX+IX = IX

TWIX = dX

2 = a1

oee
0zez
ote
0Ly

097

0GT

04T

*Oh
*6¢T
*8eT
*LeT
*9¢T
*CeT
*4HeT
et
*2¢T
*1¢T

*0EY

*621
*R2T
*L27
#9027
*G2T
*heT
*e27

C-109




e tma - e -

000H01Sd
006€£01S4
008£01S4
00L€£01S4
009¢0LS4d
008€04S4d
00h€0LSd
oogeolsd
002¢01S4d
00T£01Sd
0000154
006201s4d
00820454
00420453
00920454
006201S4
004201Sd
0020454
002eolsd
001201S4d
00020154
006101543
00870154
004701S4
009T01S4d
00610454
0ohT04S4d
00£704S4
002T04S4d
00TT01Sd
000TO0LSd
00600154
00800LS4d
00.L001S4
00900154
00G00LS4
00H001S3
00g001S4d
0o2001s4d
ootoolsd

0¢ oL 09 (0o

(0¢T99=¢4A01¢ (T+2N)*8+H92¢3)AEYT WD
(AQI ¢hQ242A42M) AINTYd VYD

(ACI 007 *WNWIXYAHLS LIAINTYHG WD
Ge=AQI = K01

02 0L 09 (0 *47* 2Ny 47

(04T¢49=¢AQI (T+TIN)*g+H92¢0)ATIAYY 1VD
(AQL4h92/TAYTNIALNING V2

(AQI 002 ¢WNIWIXYAHL L) AINTIYY 1VD
Ge=~AQI = AQI

0T 01 09 (0 *17°* IN) 4T

04 01 09 ((2)XLST ‘o3

(T)% = (1)I%LsN

3NNILNOD

(0¢799=4201¢{T+eN)xg+2G6€¢4)ANRYY T1YD
(AQI*2GE¢CACNI ALNTYL YD

(AQI 402 ¢3INNINHI¢9) ALNTHL TIVD
(2¢T¢HsAQI ¢ H02¢dX)ATEYTY AWVD
(AQT/002*WNWIXYWHL L) AINTYHL VD
G2=A0T = QY
‘17t M) dI

629 = AQI

(06948aH N8I AININL 1TV

(0GS¢00H¢3IWIL. NNHHE QI AINIYd 1VD

(069¢982¢r¢9) AININd VYD

(069¢002¢3LVA NNHHB Q) AINTHd 1D

(00L!9TH¢SIZYOANHL L) AINING VD

(£9149¢00L¢2G€¢I)AEYY 1YY

(00£4002¢= ONINY3E HINWIZVHLT¢LTIAINIYL VI
(G2L49CECISHLW Q) AINTYHd VYD

(S¢T¢L4GRL2L248)ATGYT 1Y)

(G2L0002¢= ONVYHLIL)AINTYHD 1D

(0GL*489G*SHIW9)AINIYd WD

(heT1L40GLH0G¢V)ATEYT 1Y)

(0G44002¢= LHOTI3H NOILVZITIAVLS ANOTD QILSNNAYHLE ¢ LE) AINTHd 1Y)
(0084002¢I42L) AINTHd YD

(0) AIWVYL VD

(040¢0/0)AIWLAS YD

(SIN°ONV* (TINLST *D3*
/SYALIWHI/SYHIW Yiva
(DICALTIZACLTI TACLZIALST(TIN(TILA(T)T NOISNININ
(JXICMOSNATNICACZATASI34aNINeTID08¢Y) L1dLSd INTLNOHINS

(TN 4t

oge

0?2

07

*0h
*6¢
*Q¢
*)C
*9¢
*Ge
*he
*CC
*2¢
*1¢
*0¢
*6¢
*QZ
*)2
*02
*G¢2
*h2
*C2
*22
*x12
*02
*67
*Q7T
*/ 1
*91
*GT
*hT
*CT
*21
*T7
*071
*¥6

*Q

*/

*Q

-

*G
*4

*2
*T

C-110

e e e e v




00cHholSd
002H01Sd4
00THOLSH

anN3
NYNL3Y o+
(2)% = (2117

*Ch
*24h
*Th

C-111




000H08WN
006£08NWN
008E08WN
00LE0HAWN
009 08WN
00SE 08NN
00hE0BWN
00EE0BWN
002€08WN
00TEO0TYWN
000€09NWN
006204KN
008208WN
00L208WN
009208WN
00S208AN
00t20gWN
00£208nN
002208WN
00T208KN
000208WN
006TO08KWN
00B8TOHWN
00LTOBWN
0N9T0BWN
00STO9WN
00hTOHWN
DOETOGWN
002TOBKWN
DOTTOGNWN
000TOYNWN
006008BWN
008008WN
00LOGBWN
C09008KWN
00S008WN
00+ 008WN
00€008WN
002008NWN
00TOOEWN

0g oL 09 (8s *17°*

08 0L 09 (2 *37°* ON) JX

T=ON = ON

(ONYWICANY g *19° (IN)WI) dY

09 0L 09 (9 °*
gh+W

Qo

L=3

0c408¢08

Bh+M

(I=l) kxQT%
(I=l)n

E.

(g)n
Th 0L 09 (0 °

(

o.
on.oa
(CYWNN (GTINWI

1t 1) 4%
= (ONIWTY
W=-8
a
0T*x8
T+IN = O
1+1
0°'T+8
0
W=8

= (ON)WT
T+ON = ON
(0=-9) J1
W o]

a W

¢ by
{ONYWY
el = WK
OT/WW = Y
T+ON = ON
1= 04 nQ
8 = WW
T+W z
190Y
53¢ W) mH
n W

bl
<vmm< 9]
v = (TIWT
T4+ON = ON
0TT 0L 09
2 (TYWNN
T = ON

02 (V) 41
0 = ON
NOISMIAWIQ

unun
n-Nn—=ZM=ED

(ONTWNAN V) SHAWN 3NTLNAOHANS

0L

09

1°]

Th

04

0¢
o2

0t

*0h
*6¢
*Q¢
*)¢
*9¢
*Gg
*hHhe
*C¢
*2¢
*T¢
*0¢
*6¢
*Q2
*)2
*Q?
*G2
*Hh2
*¢2
*22
*12
*02
*67T
*R1
LI}
*07
*GT
*HT
*¢T1
*21
*1T
x0T
*6

*Q

*/

%9

*G

*4

*Q

*?2

*1

C-112




00€S08WN
002G 08NN
00TS 08NN
000S0BWN
006409WN
002Hh08KN
00LH08WN
009408WN
00SH08BKWN
00hHh08WN
00E+H09nWN
002H08WN
00THOHWN

]
NYnL3Y
2NNTANOD
3NNILNODD

CODWANS C(T=W) *9)SAVI¢ (I)WI¢9¢0L) OIS 1TV

T+9 = M
T =W

06 OL 09 (L °*17* W) 4T

T+ = W

ON¢T=1 00T 0Q

0 W

T b
0L 0L 09

011
00T
06

0g

*¢G
*2G
*TG
*06
*6h
*Qh
*Lh
*Oh

*Sh,

*hh
*Ch
*2h
*Th

C-113




P il et de I

b b s A e b= o

0004t0VTI
0o6g0ovl
0080Vl
0o0lgovil
g09govAl
0080Vl
poheoval
oogeoval
00cE0ovl
00TEOVII
ooogovIl
0062C0VII
gogeovil
0020Vl
00acovII
00S<C0oVII
00heOVII
00gecovnl
00220Vl
00Teovl
00020Vl
00610VAI
008710Vl
00410Vl
003TO0VAI
003TOVAI
oohIOoval
00cTOVI
ooeraoval
00TTOVTI
000TOVTI
00600Vl
00®AI0VII
00L00vVAI
00900Y1
00S00VAI
00400V
00£00VTI
c0cooval
ooTo0ovVII

ONIX=1SX = X

0L 01 09 (2 °*v3* MSI) Jd1

2¢1=1 0ST 00

T=r0r

IWAIA = dA

. S3IXVy X 138v7 ANV 107d
(0 (TIZISY)IXIAI=¢ (TWBAIXIHI(TIZISX+THWIAXIXILATI)ASC3NITT TIYD
({T3ZISAIXISTI=40 (TIAZISA+TREBAIXIAT ¢ (T3ZISX+THIXIXISTIIASANIT WD
(04 (THZISXIXIZT ¢ (TIZISA+TAIAIXISTI (TWIXIXIAIIACINIT TVD
((T3ZISAIXISAT0 (TRUAI XIAT 4 (TWIX)IXIFIIACANIT 1VD
INNILNOD

NS 0L 09

IMIXx%0°01-4SX = 1SX

09 01 09 (NIWX *371* 4SX) 4dI

0°0 = 1SX

CxxJTxY = INIX

(P=)x*x0*0T*INIX = M

(ONIX)0T90V =

0°T = OJNIX (0°T *L71* DJNIX) 41
(C*OT*TRZISX) /Z (NIWX=XVAX) = INIX

SHUVYIW JIL HONIW NIZML3G INIWIUONI INIWY3ILIO

INNILNOD

09 01 09

T+4 = ¥

09 0l 09

T=4 = ¥

0ceT2¢T2 (LSX) 4%

02409¢02 (dX=ASX) d1

¥ = dX

ISX = ¥

0°T = ONIX

(NIWX)0T90T1VY = ASX

Ooh.0L 09 (2 °3N° MSI) 41
/0°¢/dS1d4/0°h/201IL4/0°6/T1011 viva

SAXY 9071~-901 2 = MSI

S3XVY HVIANIT T = MSI

(TYF9VIH (T)3EVIA (TIANIOIT (eI WNH NOISNIWIA
T32ISA¢T3ZISXT

¢ANDSXTISJUVHI P LH TWHA ! THAX I NIWA C XVWASMNIWX ¢ XVIX /SLd11/ NOWWOD

(YVHOMNANIOITVHION ADN T3V IH 13EVIAMST) SAXYIT INTLNOHENS

0%

0§

04
o¢e

12
0e¢

*0h
*6¢€
£ 321
*L€
*0¢
*G¢
*he
*CC
L XA
*1¢
*0¢
*6¢C
*Q2
*.C
*92
*G2
*he
*¢e
*22
*1¢
*0¢
*67
*9T
*LT
*9T
*GT
*4T
*¢T
%21
*TT
*07
*6

*Q

*/

*Q
*G
*h
*C
*2
*+T

Cc-114

-
N
|

t

:



00780Vl
00080Vl
006L0VTI
008L0VTI
00LL0VAI
009L0VI
00sL0VvVTl
00tLoVT
00ELOVAL
002L0VAI
00TLOVAI
000L0OVTI
00690Vl
00890Vl

06 0L 09 (TIZISX+TWIX *171* dX) 4dI

ANNILNOD

(P (2OILIXIAI0¢ (dA)XTII (dX)XTIAI)AS3INIT TV

0hT 0L 09
T+71 = 7
DT = X

INNILNOD

(247424 (dSIA=LH=dA) XTSI (dX)XIJI*X)AAYTY VD
((dSIA*0°*C=1H=dA) XTSI ¢ (JUVHI*0*Z2~dX)IXIHT*40T4¢2)ALNTNEd VD

GetT oL 09 (0 *17* M) dI

T = 81
T+1 = X
0hT ‘0L 09

(T

0UL90VIIISIU=LH=dA) XTI AT ¢ (JUVHI* (LHON) LVOI4*G* =dX) X T AT P WD LHON) ALNT YD 1Y)

06990Vl
00G90VI
00t90Y1I
00£90VX
00290Vl
00790Vl
00090VI1I
006S0V11
008S0VAl
00LS0V1l
009G0Vil
008Ss0ovII
00HS0VTI
00eSovl
002s0vTl
00Ts0VAl
000S0VI
co6hovII
00940Vl
00Lh0oVl
00940Vl
00SHhoVval
00tthOVTd
00choval
g0cthoval
00THOVTL

(LHDOHM AN X)) SHUEWN 1TIVD
ohT 01 09 (0 *L7* ) 41
0 = 91

021 01 09 (2 *03* msI) 41
(Px(TIILIXILI¢G (dAIXIIT4 (dX)XIHIIASINIT VD
0CT OL 09 (OT *i7°* €1) 4dI

INNILNOD

OhT OL 09 (TIZISX+TWIX *19° dX) 41
06 OL 09 (TWIX °*L1° dx) 41
THIX+XT1OS* (LSX~=(1**0°0T*X) 0T90Y) "= dX

SO0T OL 09
THAX+XTOS* (NIWX=X) = dX

CoT 0L 09 (< *03* MSI) dI

ANNILNOD

0*'c = X

T+ = 1

¢ = €1

G6 01 09 (2 °*3AN® MSI) 41
T = 491

G6 0L 09 (0T °*371* uyl) 41
1+91 = 91

INIX+X = X

6 = 91

0°6 = X

T= Y = 1

08 0L 09

04T
0¢T

1°TA

0et

0Tt

SO0T
00t

S6

06
08

0L

*18
*08
*6L
*9L
*LL
*9L
*GL
*hl
*CL
*2L
*TL
*04
*69
*89
*)9
*Q9
*G9
*H9
*C9
*Z9
*19
*09
*69G
*0G
LA
*9G
¥GQ
*HhG
*CS
LA
*1G
*0§
*6h
*Rh
*Lh
*94h
*Gh
*xhh
*Ch
*2Zh
*Th

C-115




gozetvl
ooteIVIl
00021IVIl
0061TTIVL
009TIVl
00LTTV
009TIVI1
00STTVLl
00HTTVAL
00ETIVAL
po2TIvil
00TTTIVII
000TTV NI
00601Vl
0080TVYII
00LCTV
00901Vl
00s0TvVal
00Hh0TVAI
00€0TVII
00201Vl
poToTYAl
oocoTvAal
00660Vl
0ogeovil
00L60VY7I
00960V71
00g60VII
00h60VvTl
00¢o0vVI
00260Vl
00Te0VAl
000na0QVvVl
00680Y11
cogsovIl
00,80V
00980VY71
00G80YTI
00h80V1I
gogeOvAl
00280VY1

GRY 01 09 (OV

INIX=LSX
097 0L 09 (2 *03° Nsl) J1
2¢1I=1 062 00

T =81

37 g4I 37

7481 = mu

INIX+X =

6 =18
0°6.=
T=4 =

1
X
J
0LT 01 09

X

I =r

dSIQ=dYYHI*CX~dX = OX

0*h = gX (¢

0°*OT#ONIX=1SX = ISX.

96T 0L 09 (MIWA *37* 1SX) 41

*u3* MSI) 41

N*s = QX
TWIX = dX
INNILNOD
66T 01 09

0°0 = 1SX

Fxx0T*% = INIX

(P=)%x*%0°*0T*INIX = M
(ONIX)O0T2D0Y = 1

IMIX (0°%

ONIX) dI

(0*0T*TIZISAY/ (NIWA=XVWA) = JNIX

967 01 Q9
T+4 = M
981 01 09
T=X = M

€6T¢26T25T (LSX) 4l
TGT49GT! ﬁmq (dX=4SX) dI

%= &x
15X =

0'T = osz

(NIWA)OTO0V = 1SX

461 oL 09 (2

*3N°® MSI) 41

S3xXv A T138v7 ONV 107d

INNILNOD
-=r

T3ZISA+TWEA = dA

X 091
0.1

091

96t

G661

2st
167

061t

*2el
*1CY
*x021
=617
*21T
17
*9TT
*GTT
*=h1T
*CIT
*2T17
*TTT
*0TY
*607
*20T
*,L071
*Q07Y
*GO0T
*h0T
*C0T
%2071
*TO0T
*007T
*66
*06
*L6
*96
*G6
*H6
*C6
*26
*16
*06
*60
*Q8
*)8
*98
*GO
*hHh8
*C8
*29

C-116




00€91TVI
00291Vl
00T9TVII
goo9tval
006STVII
008STVI1
0048TVAIL
0oostTVIl
00SSTVI
Q0hSTIVII
00€STVYI
00eSSTVI
00TGTVI
00GSTVAX
006HTYI
008HTVIl
00LhTVL
0094TVI
00SHTVI
00thIVII
0o0chIvIl
002hTVIL
00THIVII
000hTIVII
006ETVL
006ETVII
002CTVI
009eTIVL
00SETVII
00hETVII
00CETVII
002eTVvVIl

00TETVII
000ETVII
0062TVI
008eTvVl
00L2TVTI
009cIvl
ooseTval
00hSTVL
00¢eIvil

((dAIXTAT* (dX)IXIST IFAYIAAIN (dSTA+LH) XTI dTI=40)YALNYHAY TIVD
TRIA+G 0% ( (ASIQ+LH) * (ADN) LVO4+TSZISA) = dA
AYVHI=4SIJ=0X = dX

APV SIXY VOILY3A MVYQ

ANNILNOD

f==z=r

TIZISX+THIX = dX

08T OL 09 (T3ZISA+TWEA °*1l1* dA) 41

INNILNOD

(04P* (SILILIXTFI (JAIYXTIST ¢ (SXIXTATINACINIT 1IVI
otZ 0L 09

T+ = 1

0°T = X

INNTLNOD
(RET4246(dSIA+dAIXTAT ¢ (ST A=JUdVHI*O*S=dX)IXIJIX)AEY] 1V
((LH*G*=dAI XTI AT (dSIO=JUVHI*0 h=dYIXTIAI 40T+ *2)ALNIYd VD
G222 0L 09 (0 °*17°* r) 41

T = 81

T+ = X

ohe 0L 09

44X = X (gX *171* 4x) 41

((LH* S =dAI XTI (IX)IXTAT NN LHON) ALNTI NG 1IVD
dSIQ=d8VHDI* (LHION) LYO 1d=dX = 44X

(LHOMNAWAN X ) SHAWN 7VD

ohZd 0L 09 (0 ‘L7 ) 41

0 = 91

022 0L 09 (2 *H3I* MSI) 41
(O4P*(TOTLIXIAT ¢ (A XTI ¢ (dX)XIATIIACIMNITT VD

0ee 0L 09 (OT °*17* 9I) d1

ANNILNOD

Uh2 OL 09 (TAZISA+TWEA *19° dA) 4dI

08T 0L 09 (TWBA °L7* dA) 41

TWEA+ATIIS* (LSX=(T1*x%0°0T*xX)0T90TV) = dA

0ne 0L 09

TRHA+ATIIS* (NIRA=X) = dA

06T 01 09 (¢ °*03* WSI) 41

ANNILNOD

0°c = X

T+ = 1

¢ = 81

GeT 01 09 (2 °*IN®* MS1) 4dI

0S¢

O0he
oge

G2z

oce

o1e

00¢
o6t

GeT

*COT
*291
*TOT
*09T
*6GT
*QGT
*LGT
*9GT
*GGT
*HhGY
¥CGT
*2GT
*TGT
*0GT
*6h 71
*QhT
*Lh1
*9hT
*GhT
*hhT
*eHT
*Zh1
*ThT
*0Dh1
*6ET
*QCT
*LCT
*9¢T
*GCT
*HCT
*CCT
*2¢1
*T€T
*0€T
*621
*8aT
L YRAN
*927
*GeT
*xH2T1
*€2ST

C-117




R e it B

0008TVI
0064TVII
008LTV1I
00LLTVAI
009LTVI
00GLTVAI
00hLTVIL
00CLTVAL
00cLTVval
00TLTIVIL
000LTVAX
0069TV1I
0089TVII
00L9TVI
0099TVI
00G9TVII
00Hh9TVII

aN3

NdNL3Y

092 0L 09 (YYHON °*17°* M) 41

((dAIXTAT ¢ (dXI XTI (I)ANIO3T T+,=N)ALNIYd TIVD

TI+(e/0) = 1

HVHIN = M (YyliON *19°* M) A1
69+ = M

g+ B

(dS104LH)=dA = dA

68~ = P

LH¥0*2=dA = dA

TUIX+G* 0% (JUVHI*0* 06~TIZISX) = dX

1071d ¥04 (N39OI MY¥O

C(AIXIST ¢ (IXIXIAT¢TFDVIHOHON) ALNI YD VD
(LH+dST0#G*2)*¥0°2=TWHA = dA

THTIX4G * 0% (JUVHO* (MON) LVO4=-TH4ZISX) = dX
736V SIXY TVINGZINOH MYY¥GO

poc

*087T
*6.1
*RLT
x0T
*9LT
*GLT
*HLT
*C/T
*2LT
*TL1
*0LT
*69T
*Q97T
*/91
*99T
*GOT
*H9T

C-118




009€071dS
00S£071dS
00h€07dS
00£€07dS
002€07dS
00T£07dS
000€07dS
0062071dS
008¢07dS
004¢071dS
0092071dS
0052071dS
00h<C01dS
00€€0dS
002207dS
001e01dS
000<207dS
0061071dS
002107dS
004T071dS
009707dS
00ST071dS
004107dS
00£T07dS
002T071dS
00TT07dS
0001071dS
006007dS
0020071dS
00L0071dS
009007dS
00S00714S
00k007dS
00£007dS
0020071dS

00T0071dS

\ an3

NUNL3Y

3NNILNOD

(IIV/((1)0=(T+1)2) = (DY

dN¢T=I 04 00

INNTLNOD

02 OL 09 (WX *37°.€=-30°T) dI
3NNILNOD

9¢ 0oL 09

T = y3l

S 0L 09 (08 *L7° WIN) dI

T+WAIN = WIN

INNILNOD

dA+(1)D = (I)D

(dAISEY = WX (WX *19°* (dA)S8Y) 4dI
((I)Q+(I)2=G* 0% (dA=((T=I)V/(IIV+0°T)/ ({T=1)I=dA)))*0 = dA

\

(T+I)2 = dA

di¢2=1 0¢ 0d

0°0 = WX

0 = WIN

INNILNOD
0*2/70°Ex(1)2 = (I)Q
S°Tx(J)0 = (I1)d

((DVH(T=-1)V)/((T=-1)8=(1)D)x0°C (INd
0T oL 09 .(2 *17° I) d1

(V7D A=(T+I)A) = (I)9

(I)X=(T+1)X = (I)V

di¢TI=I 0T 00

T=N = dN

((0°C) LYOS=-0*C)*0°*Hh = D

LLO6LTLO®T = O

0°0 = (N)D
0°0 = (T)D
0 = ¥3rI

(TIQ(TIDU(TIB(TIVI(TIAC(T)X NOISNIWIC
(UIT!N¢G4I8¥YAX)INITAS INILNOYEANS

Oh

9¢

s¢

0¢

0e
0T

*9¢C
*Ge
*h¢
*Ce
*7¢€
*T¢
*0¢
*6¢C
*92
L YA
*9¢2
*G¢2
*H<e
*¢e
*2¢2
*1¢
*0¢
*67T
*QT
*xL1
*9T
*G1T
*hT
*¢T
*2T
*TY
*0T
*6
*Q
*.
*9
*G
*h
*€
*Z
*T

C-119



000H0SS1
006£0SSI
008£0SSI
00.£0SSI
009€0SSI
00S£0SS1
00h&0SSI
00€«0SSI
002£0SSI
00T£05S1
000¢£0SSI
00620SS1
009¢0SSI
00£20SSI
00920SSI
00520551
00420SSI
00€20SSI
002¢0SSI
00Tc0SSI
000€0SSI
00610SSI
008T0SSI
00L105SI
009T0SSI
006T0SSI
00h10SS1
00€T0SSI
00210SSI
00TT0SSI

. 0°0 = XVMX
NIXVWX = XWX (0°0 *19* NIXVWX) 4TI
(2=XN)X = XWX

ANNILNOD

008 0L 09

3INNILNOD

TT 0L 09 ((M)Id *19°* (r*I1)d0) 4l
ANYT=Y 0T 00

SAN¢T=r 0T 00

XN¢T=I 0T 0Q

SIXY HLOS8 ¥0d NIW ONY XYW INIWYIL3Q

T = M3]
3ZISA = 1321SA
3Z2ISX = T3IZIsX

NLA = TWLA
WHX = TWHX
WBA = TWBA
WIX = TWIX

06 0L 09 (T °*03° ¢MSI) 41

9/dVHIN = GMN

(0=0)/7(¥V=-8)*%(3=Q)=8 = (3¢Q¢D¢8¢Y)dUILAX
/€62€GhLT0/AVY Yiva

HON¢ (S)13GVH¢£dI ‘ST TdI ¢ UVLIST ANYIBI (0T) LIYIT /HAIVIT/ NOWWOD

T3ZISA4T3Z1SXT

A0S XIS JUVHD P LH TAYA TWIX ENTWA S XVIWA ENIWX ¢ XVYHX /SLd1I/ NOWWOD
ZLT/HLON G/ (SH3L3TW) 3FONVISIGHLT/13GYIL YLvYO

/6LLS862°LS/10VY VLVA

/°C4°2TIH24 20T ¢ 2O/ dSIO MLACAYX I NBA WX YLVa

(AA4¢dA) JONIVAIND3
IN(E)WNN (T

000TOSSITH)IA(TH)IX(THIA(THID(TMEI(IHIV(TH)AX4(Th)dA /LdAXAX/ NOWWOD

00600SSI
00800S51
00L00SS!I
00900SS1
005005S1
004#00SSI
00£00SSI
00200SSI

(H)84% NOISNAWICQ

vaswva Iv3y
(T)SNIN(TIONIOIT NOISHNIAWIC
(£)138YIL NOISNIWIO

(TIAA (1) ddN (TASH2IHQ (TIXX (T T (TITH4(T)A4(T)X NOISNIAWIQA
TdA X dOLACLOBAILATIX  LTUX /SONE/ NOWWOD
MSPINILSYYIIZISAIZISXINIXYWAINIXVINX4T0S /0STL1d/ NOWWOD

(VABWY T/ AVIZQWr ¢ ADNYINIINEMST LT

00TO0SSIAYDI3UI‘ITI ‘YO XX *SAN DO BVHINANIOIV* I AN XN A X) LdOSST 3NILNOYWBNS

11

01

*0h
*6¢
*Q¢
*,€
*9¢
*G¢
*h €
*Ce
*2¢
*T¢
*0¢
*62
*0Q2
¥/
*9¢
*G¢
*4h2
*ge
*2<c
L
*x02
*61
*QT
*.1
*97T
*G1
*h 1
*C T
*21
#7171
*071
*6

*Q

*/

*9

*G

*h

*€

*2

*T

C-120

'

“q e ————




00T80SSI
00080SSI
00640SSI
009L0SS1I
00LL0SS1
009L0SS1I
00G8L0SS!
004L0SS1
00€L0SST
002L0SSI
00TL0SSI
000L0SSI
00690SS1
00890SS1
00.90SS1
009905S1I
00690SS1I
00H90SSI
00£90SS1
00290SS1
00T90SS1
00090SS1
006S0SS1
008S0SSI
00LS0SSI
00950SS1I
00550SS1
00hG0SSI
00£50SS]
002S0SS1
001S0SS1
000S05S1
00640SSI
008h0SSI
00L1t0SS1
00940SSI
00G40SSI
00h1h0SSI
00240SSI
002h0SSI
00TH0SSI

T¢ 01 09 (0°

c=XM
c=XN
2=¥%N

T

2=XN

T

I
21

Yy

(=]
o
o
-

LT oL
8T 0L 09 (Ad4 *17°

9T 0oL

¢T oL
T 0L 09 (1dA

((N)I

0 *37° NIXVWA) 41
(/YA = 2A

(IrYA = TA

(S=XN *19°* 41I) 41
(C=XN *19° 2I) 4dI
1 (0 °*®3* hI) 41
€I (0 *p3* ¢I) dI
¢l (0 °*®3* 2I) 41
TI (0 °*©3* T1) 41
T+P=SAN = 2r
ANNILNOD

09 (0 *19°* €I) 41
ANNILNOD

I = #1

I =¢1

09 (0 *i9°* ¢I) d1
(T+MP=SANI)dT) J1
¥N4T=1 8T 00
SAN!T= 61 00

0 H1

0 el

~ i

INNILNOD

09 (0 *19* T1) 41
INNILNOD

I =21

I =11

09 (0 *19°* T1I) 41
*171* (r¢1)dA) 41
Xid4I=1 %1 0Q
SAN¢T=P ST 0CQ

0 =21

0 = 17
F4dA)Y TNIVY = dA
AN¢TI=N 21 0d
830°T = "dA

(QYYxLA)SOO*XKWX = (T)IA
(QVYxLAINIS*XWX = (T)IX

0°0 = NIWA
0°0 = XVKHA
0°0 = NIWX

0e

8T
LT

91
61

H1
eT

ct

*T8
*09
*6L
*3L
*LL
*9/L
*GL
*h/l
LAA
*2L
*TL
*0L
*69
*99
*/.9
*99
*G9
*Hh9
*€9
*29
*T9
*09
*6S
*QG
xS
*9G
*GG
*hG
*CG
*2G
*TG
*0G
*6h
*8th
x/h
*9h
*Gh
*xhh
*ch
*Zh
*Th

C-121




002215SI
0012T5SI

'000215SI

006771551
008TTSSI
00LTITSSI
009TTSSI
00GTISSI
00HTTISSI
00€TTS5SI
002T1ISSI
00TTTSSI
000TTSSI
0060T1SSI
00301SSI
00L0TSSI

'00901SSI

00S0TSSI
00h0TSSI
00£01SSI
00201581
00TO0TSSI
0000TSSI
00660SS1
00860SS1
00L60SS1
009605S1
00560551
00h605S1
00£605S1
002605S1
00160551
000605SI
00680SS1
009805SS1I
004905S1
009805S1
00680551
00hB0SSI
00EBOSSI
00280SS1

FAAXG O +NINWA NIWA

AIARG * 0=XYWA XVYWA
T3ZISA=T1dX = dA

92 0L 09 (T3ZISA *37* dX) 41
ATDS% (NTHA=XVYWA) = 1dX

0°0 = NIWX

NIWX=XVNX = XX

%2 oL 09 (00 *37° NIWX) dI
he oL 09

0'0 = XViAX

XYWX=HTIWX = NMIRX

€2 0L 09 (0°*0 *39* AVWXY 4I
VARG OHIINY = NIWX

NdA*G O=XYNX = XVYWX
TIZ2ISX=1dX = “1dA

h2 0L 0S (T3IZIsX *37* dX) 41
YOSk (NITWY=XVIWX) = dX

X105 = A0S
NILSYH%XTOS = XIS
(860€°*%72S) /02T = X3S

0¢ 0L 09 (0°¢0 *37°* 112S) dI
3OS 107d 3HIWY3L3A

(CIYIASMIWA)Y TNIWY = NIWA
((IYIXOSNINX)TNIWY = NIWX
(CIITACXYWAY TXVHY = XVRWA
(CI)IXOXYWX) TXYWY = XVIWX
S¢T=1 ¢e¢ 04
(QYU*2AISO*(RIIX = (G)IA
(QVH*Z2AINIS* (HTIIX = (GYIX
(QVUARTA)SOO* (21X = (H)TIA
(QVUATAINIS*(Z2I)X = (h)IX
(QVe*2A)S0*(CI)X = (€)1IA
(QVE*ZAINISH(CI)IX = (€)IX
(QVYxTAISOO*(TI)IX = (2)IA

(AYE+#TAINIS*{TI}X = (2)1IX
1dX*G*0=LA = 2CA

IdX*G°0+LA = TA

I1aQvHx (1dX)S02V = dX

0°T= = dX (0°*T~= °*17°* dX) 41
0°T = dX (0°T *19°* dX) 4dI
(XWRKAEXEX*0°Z) /NIXVIHA=Q*T = TTdX

he

e

ce

134

*2¢21
*121
*021
*6T7T
*8TT
*L 1T
*9T7T

*SIY -

*hTY
*eTY
*217
*11Y
*017Y
*607T
*2071
*/.0T
*90T
*G0T
*h07
*€071
#2071
*T07
*00T
*66
*Q6
*/.6
*96
*G6
*h6
*¢6
*26
*16
*06
*68
*99
.8
*98
*G9
*hB
*¢8
*28

C-122




00€9TSSI
00€97SSI
00T91SSI
000915S1
006STSSI
0088TSS1
00L51SS]
009STSSI
00GSTSSI
004STSSI
002871551
00eST1SSI
00TSTSSI
000STSS1I

00641SSI

0084%TSSI
00L%TSSI
00941551
00GHhTSSI
00hHTISSI
00EHTISSI
002hTSSI
00THISSI
000%1SS1
006£1SS1I
008¢TSSI
00LETSSI
009¢TSSI
00GETSSI
00hETSSI
00E€1ISSI
002LTSSI
00TELTSSIT
000&TSSI
006<21SSI
00821SS1
00L2TSSI
009¢1SS1I
005c1SSI
00heTSS]
00€eTSSI

SAN¢S=r 0€h 00
XN4T=1 044 0CQ

0 = (I)ddN

h41=1I 00h 0Q
(INWAM ¢ (N) T4)SHEWN VD
INNILNOD

3NNILNOD
(I4THeTISANCLNON L) LAOLNI VD
J3¥I+h=1xh = LNOM

XMN4T=I 0¢e 00

0h2 OL 09 (T *D3* N) dI

AN*T=N 0T.L 0Q

LS = S3NIT

ANNILNOD

XYWA = d0l1A

NIWA = L1OEBA

NIWX = 137X

) XYWX = LIYX
(JYHON‘QN393T/HLONHLON138YIL138VTIL T) S3XYIT TV
SAXV MYH0

. (0)A3WYYd VD
(0‘00‘0)AIWLIS VD

8 = dMVHD

21 = 1H

INNILNOD

(NIWA=XVYWA)/T3ZISA = A0S
(NIWX=XVYWX)/T3IZISX X12S
ANNILINGD

o0h 0L 09

ANNILNOD

0°0 = MNIWA

NIWA=XVYWA = XVWA

92 01 09 (0°0 °37° NIWA) dI
92 01 09

0°0 = XVWA

XVAA=NIWA = NIWA

G20l 09 (0°0 °*39° XV¥wWA) dI

004

ohe
0ge

0s

Oh

o¢
9¢

Se

*¢9T
*291
*T97
*097
*6GT
*0GT
*/G1
*9GT
*GST
*hGT
*€GY
*2G7T
*TGT
*(0ST
*6hT
*QhT
*LhT
*9hT
*ShT
*hh?
*CHhT
*Z2hT
*ThT
*0H1
*6€T
*RET
*/CT
*0CT
*GeT
*heT
*CCT
*2¢7
*TCT
*0€T
*62T
*821
*x/21
*927T
*¥G2Y
*xhel
*¢2T

C-123




N e

004h02SSI

WIT=T Leh oa

00€02SS1 ¢ = 1dI
00202SSION SI 0 LON (M ud ¢S3A SI 0=(T1)8X 40N ¥O 3IA¥ND (03507 41 3INIWY3L3IC
00702551 3INNILINOD
00002SSI 084 OL 09
00661SSI 0TZ 0L 09 (0 °*371° M) 4l
0086TSSI ST = N
00L6TSSI 06% OL 09 (T *19* (M)ddN) I
00961551 7 = (M) deN
00S61SS1 CmdiN = oN
00h6TSSI INNTLNOD
00C6TSSI 3NNILNOD
0026TSS] INNILNOD
00T6TSSI GLh 0L 09 (gh2 *39° aN) dI
00061SSI (M)A = (dN)AA
0068TSSI CONYTA (P eT+I)da (PeI)dAe (THIIX (I)X) d¥ILAX = (NI XX
0098TSSI T+dN =:dN
00L81SSI T+ = 7
00981551 094 Ol 09
00G8TSSI 0Gh OL 09 ((LIT+T1da °39° (N)IS°ANY°(N)TId4 °39° (r¢I)dd) dI
00h8TSSI 0SH OL 09 ((P4T+I)dA *37° (N)IA®GNY*(N)Id4 *37* (PI1)dd) 41
00¢BTSSI SAN‘T=r 094 00
0028TSSI 0Lt 0L 09 (XN *03°* 1) 4l
00T81SSI T+% = N
0008T5SI 0 =1
006L1SSI 7 = (M) ddN
008L1SSI Ot 01 09 (0 °*©3* ) I
00LLTSSI oth 0L 09 (T *03° ar) 4l
009L1551 INNILNOGD
00GLTSSI GLh OL 09 (Gh2 °*39° dnN) 4T
00hL1SSI (1)X = (dN)XY
00¢LTSSI (NI T T) A (T=P T GUIZAY (TP A) QUILAX = (dN)AA
00ZLISSI (T=P)A+(ZA=(T=r)A)SAY=0°09E = 2A
00TLISSI 02h OL 09 (0°GBT °*17° (2A={(T~-r)A)SaV) 31
000LTSSI (PYA = 2A
00691SS1] T+dN = dM
0089T5SI T+ = 1
00L91SSI 1= ap
00991551 0gH OL 09
00591551 0Th OL 09 ((MP*I)dC *39° (N)IA*ANY*(N)Id *39°* (T-r¢1)dd) -d41
00191551 0Th OL 09 ((LeI)da *3T° (N)IJANY (NI TIL *37° (T=-r*1)dd) 41

o6t

oeh

Sih

0lh
0%9h

0Gh

Otth

0ch

0ch

0Th

*h02
*¢0%2
*20¢2
*102
*00%2
*66T
*R67T
*.61
*96T
1661
*h6T
*C67T
*267T
*16Y
*06T
*6871
*RG7T
*/81
*9871
*G871
*Hh8T
*C8T
*28T
27107
*087
*6L71
*QL1
LTNA
*OLTY
*GLT
*hLT
*CLY
*2LT
*TLT
*0LT
*69T
*997
*/97
*90T
*G9TY
*H97T

C-124




00SHh2SST
00hh25SI
00€H2SST
00242SST
00TH2SSI
000425S1
006£25S1
008S2SS1
00L£2551
0092551
005€2SSI
004£2SSI
00£€25S1
002€2551
001C2SST
000£2S51
00622551
00822SS1
00422551
00922551
00522551
00422551
0022551
00222551
00122SS1
00022581
00612SSI
00812551
00L12SS1
00212SS1
005T2SSI
00412SS1
00ST2SSI
002125S1
00T12SSI
000125S1
006025S1
00802SSI
00,02SS1
00202551
00502SSI

864 0L 09

T=Y = ¥
66h OL 09
T+dW = dW

(T+dW+) 1Y = (dw+71) 8N

(T+dW+1) ddN =
006 OL 09 (M °*39°

86% OL 09 (9

86h 0L 09 (2 °*3N°*

0
(VD ddN+(T=)ddt! =

ouZ.

106 01 09 (M

106 oL 09 (1

0 = (8% (g *03° (MEN*YHO°*T

.Gu.

(diW+7) ddN
div+) A1

0 = diW

= (T=-1)6M
(T-71)ddN

(N ExM) JI

(1-71)8%) dI
*19* 1) 4dI

IT+7 = 1
.ﬁl.

*37° W) 41

3NNILNOD
(M axd)y 41

(1) ddN+TdI = TdI

h6h OL 09 ((TJI+TIM)XX *Llo°*

g€6h 0L 09
TA=-0*09C = TA (C°

£6h QL 09 (TdI+l

SAN = 2r

TH(NEY = (M) aM

S6h 0L 09

c+(NEd = ()8

(T4I+I)XX) dI

INNILNOD
r=1r
TA = IX

(IX *39° TA) 41
02T *19° TA) 41
((TdI+P)AA=(2r)IAISEBY = TA

.Gu.

Td1i+r) d1

daelz=r €64 00

830°T = TX
S6h 0L 09

ANNILNOD

Toh*2oh!T6h ((SPIA=(TJI+I)AA) 4l
dreI=I 164 00
241=21 664 00

T =2

(T ddN = dW

0 = (1)exM

00S

66h

B6h

L6h
96+t

Géh
héh

ceh

coh

164

*Ghe
*hhe
*Che
*2he
*The
*0he
*6¢7
*Q¢€
*)C?
*9¢2
*GES
*he2
*Ce2
*2€°
*1¢2
*0ge
*6ce
*8923e
*/.2¢
*92¢
*G2e
*hee
*¢2¢
*2¢¢é
*1ce
*02?
*612
*812
*L12
*9T12
*GT2
2412
*C12
*212
*T1?
*01¢
*602
*802
»L0¢
*902
*G0¢2

C-125




00982SSI
00682SS1
00h82SS1
0082551
00282SSI
00182SSI
00082SSI
00642551
008L2SS1
00LL25S1
009£2SS1
006.25S1
00#L2SSI
0042551
002.2sS1
00TL2SSI
00042551
00692551
00892551
00L92551
00992SSI
00692SSI
00h92SSI
00£92SSI
00292551
00792551
00092SSI
00662SS1
00862SSI
00£52SSI
00952SSI
00552551
00462SST
00262SSI
00252SSI
00T452SS1
00052SSI
00672551
00842SSI
00Lh2SSI
009h25S1

JNNILNOD

T=1 = diW

€68 01 09 (WYX *17° (I)AA) dI
dN*T=I €65 04

INNILNOD

T6S 04 09

0°09E=HHA = WHA

€SS 0L 09 ((SMIAA °37° WdA) dI
06S 0L 09

0°09C+WHA = WYA

168 0L 09 ((T)AA *H49°* WYA) dI
0°08T=LA = WHA (9 °*B03°* (MEUM) dI
LA = WHA

FAUND NILO d04 X3QHT L¥VLS ONy 4410 XYW 27YD
LLS 01 02 (0 °93* (7)uM) 4d1
IAYND 40 INIOd LYYLlS ONIA

3INNILNOD
T=dN = dN
c=1 =1

(PIXX = (T=r)XX

(PYAA = (T=P)AA

dN¢I= hhS 00

GhG 0L 09 (dN °*19° 1) 4dI

T+ = 1

ChHs OL 09 (0°T °*39°* (T-I)AA=(I)AA) I
9hS 0L 09 (dh *19* I) 41

T+ = [
T =1
(0¢0°00°0¢ LAHSAILAHSX ¢ TAVHAQTYH e III AL XX)SITIVD T1TVD
INNILNOD

208 01 09 ((XM)X °L71* (1)xx) 4T

(TJI+MYAA = (1) AA

(TI+P)IXX = (I)XX

T+ = 1

di¢T=P 206 00

0 =1

AVYHY 40 LYV1S ol SLIMIOd LJIHS

{7 ddN = SN

M4T=7 002 0Q

¢ = Td1

3NNILNOD

€8s

2as

06S

a4hg
ShG

Hhg

€hs

o
o
wn

T0S

*¥982
*G8¢
*h82
*C8e
*28¢2
*182
*08¢
*6lL¢2
*QL2
YN
*QL2
*GL?
*hl?2
*CL2
*2Llc
*TLe
*0L<
*692
*R97
*/9¢
%992
*G92
*H9¢
*€9e
*29°¢
*19°2
*0Qe¢
*6G¢
*RG2
*/G2
*¥96¢2
*GG2
*hG2
*CGe
*262
*TG2
*0G¢e
*6h<
*8he
* 42
*9h¢

C-126




00LcESSI
0092e¢Ssl
006¢ESS1I
00hcESS1]
00€eceSSI
002ceSSl
00T2eSS1I
000¢€SSI
0061¢SS1
002T¢SS1I
00L1¢SSI
0091¢SsS1
00ST¢5S1I
004TESSI
G0eTESS]
0027¢SSI
00TT¢SSI
000TESSI
0060¢€SSI
0080¢SS1I
00L0€ESSI
0090£SSI
00S0€S5S]
00+t0ESS1I
00€0¢£SSI
0020¢SS1
00TO0ESSI
0000£SS1
0066¢SS1I
0086¢SS1
00L62SS1
00962551
00S6¢SS1I
00462551
00£6eSS1
00262SS1I
00162551
00062SS1
0068S5S1
0088¢SSI
00,8¢SS1

966 0L 09 (dN *L19°* 2+IN) dI
966 0L 09 (T °L7* 2-TN) dI

(TNYAA = TIX
“3NNILNOD

I = 1IN
(INXX = 410

G6S OL 09 (4IG *37° (I)xX) 4l
dN‘T=1 S6S 00

0°0 = 410

She = dN (ghe *L9* dN) 4T
SNNTILNOD

dIA+(T=I)AA = (1)AA

(IDAA = TA

J1C~-0°09% = 4IC (0°0gT °*19* 4I10) 41
(TA=(I)AA)SEAY = 410

dMee=1 €65 004

(TYAA = 1A

HAGH0 ONIANIISY NI 3¥UNS INVYW
TA = (dN)AA

(X = (dN)XX

(PYARA = (T=P)AA

(PIXA = (T=P)IXX

dN¢T= T6G 0Q

(TYAA = TA

{TIXX = TX

dW¢i=Y 26S 0Q

#6G8 01 09 (0 *37° dW) 41
INNILNOD

296 01 09

T=1 = dW

T8S 0L 09 (WYA °*L71° (I)AA) 4dT
dNeTI=T 18S 00

0 = dW

6.8 04 09

0°00Z=WHA = WYA

08S Ol 09 ((dN)AA *37° WYA) 4I
8.G 0L 09

0°09C+WHA = WYA

6LS 04 09 ((T)AA *19°* WYA) 4dI
0°08T+LA = WHA

286 01 09

S6S

468
€68

268
168

2es

189

08G

6.9

8LS

LLS

*L2C
*92¢
*G2e
*he¢
*C2e
*2¢¢
*T2C
*02¢
*61¢
*8T1¢
*/1¢
*9T¢
*G1C
*hT¢
*CT¢
*2T¢
*1T¢
*NT¢
*60¢
*80¢C
*,0€
*90¢
*G0¢
*h0¢
*C0¢
*20¢
*T0C
*¥00¢
*667
*26¢
*) 62
*967
*G67
*h62
*£67¢
*262
*T6¢2
*0)62
*682
*Q8¢2
*/.82

C-127



0089€SS1
00.9%SS1
0099¢SS1
00G9€SSI
00h9eSSI
00¢9¢SS1I
0029¢SSI
00T9ESSI
0009¢SS1I
0066£5S1
0085ESSI
00LGESS]
0009G¢SS1
0065£S5S1
004HGESSI
00£GESSI
0026¢€SSI

3ANILNOD

(947)¥A = (94¢dN)Y YA

(S41)Y0 = (S*dN)YHA

T+dN = dN

089 01 09 (0 °*3N* (M) 41
[ = dN (0 *03* ¥y3I) d1

T = dgW

di = IdN-

(WYAR = (94W)YC

(W¥X = (s da

dN¢T=l¥ 099 01

1€9 01 09

NL9 0L 09 (Hh2 °*39°* ) 4J1
A = (94010

TA = (S¢Mua

I+ =r

(L999999T ** (TA*T

DOTSESSI(TW)HC+ (S T+W)HA+ (L 4IN) HO** Nv*AAﬁ+2w>>14&>V+AN.Evmov*a>+szxx = IA

000S€SSI
0067£SS1
008H€SSI
00LHhESSI
D09HESSI
00GHESSI
00hhESS1
00CHheSSI
002heSSI
00THESSI
000H£SSI
006£€SS1

008ELSSI.

00L€€SSI
002¢ESSI
00S£€SSI
00heeSSI
00€E€eSSI
002£€SSI
00T€ESSI
000€ESSI
0062€SS1
0082¢SS1

(W)AA=dA = TA

€€9 0L 09 ((T+WIAA °39° dA) A%
049 0L 09 (dN °39° W) JI

T+ = W

€9 01 09 ((T+WIAA *17* dA) 41
X = TdX (AdX*0°S+IX °*39° dA) 4dI
edX = TdX

€L9 0L 09 (NdX*0°2=TX *37° “1dA) 41

TdX+1dA = dA
TdX=(T)YAA = dA
T =u

o=nr

qAdX .= 1dY

T°0*7dX = 21dX

0°002/((TYAA=(dN)AA) = dX

CG9 0L 09 (T *93° ¥3I) 41

(3T 4dH (HeTIUA (C4TIEA(SITHIHQUAXX S AAYINIIAS VD
NG9 OL 09 (0 °*3AN* MSP) 4dI

0G6% 0L 09 (2 °*L7°* dN) 41

T = y31
dN = IdN
INNILNOD

S/ ((S+TN) AA+(TH+TN) AR+ (TN AR+ OT=TN) AA+ (S=THYAA) = TX

089

heo
€e9
(A%

15%°]

96S

*Q9¢
*/9¢
*99¢
*GO¢
*hoe
*0o¢
*29¢
*T9C
*09¢
*6G¢
*QGC
*/.G¢C
*QQC¢
*GG¢
*HhG¢
*CG¢
*2G¢
*71S¢
*0GC
*6he
*BHhe
¥/ He
*Qhe
*Gh¢
*hh¢
*CHe
*ZhC
*The

*0he.

*68¢
*RCC
*/.EC
*9€¢
*2GEC
*hCe
*Qee
*22¢
*TCC
*0¢e
*62¢
*82¢

C-128




0060HSSI
00B80HSSI
00L04SS1
0090hSS1
0050hSSI
00h0HhSSI
00€0hSSI
00204SS1
00T0hSSI
0000HSSI
0066¢SSI
0086E€SSI
0046€SSI
0096€SSI
0086¢ESSI
00h6£SSI
00¢6ESS]
0026&€SSI
00T6£SSI
0006€SSI
0068€SSI
0088¢SS]
0048¢SSI
0098¢SSI
00GYLSSI
00Hh8CSSI
00E8ESSI
0028ESSI
0018ESSI
0608eSSI
0064€SS1I
0GBLESSI
00LLESSI
009L¢SSI
008.L€SSI
00HhLESSI
00€LESSI
002L¢5S1
00TLESSI
000LESSI
0069¢SS1I

008 OL 09 (T °D3° €MSI) 41

3NNILINOD

INNILINOD

() dd+TdI = Tdl

) ANNILNOD
(HA4T AN (94 dIYUT (S¢dW)IHAYLOATT 1Y)
G69 01 09 (T °*©3° ¢MSI) dI

ANNILNOD

FNNILNOD

889 0L 09

(SHATR=CE(PIAAC (NI XXY (2002¢49) FLIYM
L+SAITT = SIANIT

(T032*9) 3LIuN
(ADMAI=L ¢ (LYIBNTANY 4 (NITS (0Q0C19) 2LIYM
(VAHWVY ¢ AVIIAGN3ATT*SANIN M) TLLLEd 1Y)
. 069 0L 09
(0°0D¢0°0QNADITNSIANITVIGMN)I TLLLY TTVD
689 OL 09 (T "L9°* Wr) 41

163 0L 09 (LS *L17°* S2HI7) J1

T+S311T = S3NIN

W = ZW (I °Lo* 2ZW) 4T

S+TW = 2W

269 0L 09 (W *L19°* TW) JI

9+InW = TW

G= = TW

INMNILNOD

LS = S3ININ

L89 0L 09

c+SIAHIT = SANIT

(S00C*9) 3JLI1YM

(ADN¢T=P¢ (P)ANTIN) ¢ (N)I4 (0006c49) 3LIYM
989 0L 092 (¢Q °*L9°* SIANIT 41
(TOLAHSACLAHSXTACTX A TAQVHIGYUIWI ALY XX)ISOIVD TIVD
IdN = W

769 01l 09 (g °*93* €MSI) dI

JAYND L0d

LAHSX+ (IJAINIS*(G4II YT = (S41)YG
JAHSA+(NJA)SOD*(G¢I)YH0 = (9¢1)d0
Qvy*(9¢1)4Yd = dA

T=dh+P =

dN¢T= T89 0Q

0T
00L

669
69
269
169

069
689

889

189
989

*60h
*80h
%04
*90h
*G0h
*h0h
*¢0h
*20h
*T0h
*004h
*668
*36¢
*16¢
*C6¢
*G6Q
*H6¢
*C6¢
*26¢C
*T6¢
*N6¢
*68C
*|8¢
*/.8¢
*98¢
*58¢
*hgC
*C8¢
*28¢
*T8¢
*08C
*6LE
*QLE
*LLE
*9LE
*GLE
*hlC
*CLE
*2LE
*TLE
*0LE
*69¢

C-129




0002hSSI
006THSSI
008THSSI
00LTHSSI

002THSSI/(

00STHSSI
007THSSI
00CTHSSI
002THSSI
00TTHhSSI
000THSSI

s

an3

() LViidod €002

((XTC*G46g*0TdIQIXT) LVWHOS 2002
((m=me=eHI)BT !XT/ ((S33UOAMIHE¢XOTIOXTT

(SY3L3W) HETI9XT/( HLNWIZY JONVH HeT)Q4O0HT)ILVYWHOS T002

(9V6¢ 4HR2!C*644= MIA3T HLITJOSI *=*=xH22¢X0h0HT) LVYWYO4 0002
NdN13Y

INNILNOD 008
((CIdAIXIII ¢ (TIX) XTI *#HT ¢ T)ALNTHd TIVD

IH*G*0=TWBA+ATIOSKNIWA~
LH*G* 0=TWIX+XTOSKNINX=

IdA
AdX

*02h
*6Th
*8TH
*LTh
*#9ThH
*GTh
*hTh
*€Th
*2Th
*TTH
*0Th

C-130

.w
-



00040d71
006£0411
008c0d1I
00Lg0dI
00920411
00S£0d7I
00he0dl
00ee0dl
g0oecodil
001€0d71
goocodl
00620d711
00820411
00420471
009204711
00S820dI
00%20d711
00£20d711
002e0dl
00T20d1I
00020471
006104711
00870471
00LTO0dX
00970411
00510411
00410d71
00eT0dMI
00270471
00TTO0dTI
00070411
00600471
00800471

ovir = (1)r?
TWRA+ATISH{LOHA="T4A) = (I)A
TWIX+HXTIS* (LAIX="14%X) = (T)¥X

2 = 9vLY

TA = A

TX = AdX

TWAAHAIISA(LOBA=1dA) = (T=-1)A
TWIXHXTIIS* (L4IX=1dX) = (T=1)X
0 = (1-1)11
(TACTXLSTIALSIXY)SANNOE TIYD
g = 974n

1N0 LINIOd 1SV NI INIOd SIHL
04 OL 09 (0 *®3* .974r) 41

og 0L 09

T = 9o¥1l

(LSTALSIX4TA TX)SONNOB VD
INIOd 107d ™04 JU3IUNT

NI INIOd LSV LNO IN1OJ STHL
0h 0L 09 (T °*d03* I) JI

T = 9740

06 0L 09

c = (1)n1

1IN0 ST INIOd SIHL ¢LN0 SYM LNIOd 1SVYT

ng 0L 09 (0 *D3* 94N 47

09 0L 09 (dOLA *37* TACANV'TA *371°* 1o8A) dI
0g 0L 09

02 OL 09 (L1IY¥X °37°* TX°ONVTX *37°* Ld4x) d1
. (IYA = TA

(I)X = 1X

NeT=I 001 0Q

0 = 94r

0 = 9741

IN(eIWNN (T

00200dIITH)TACCTHM IX(THIQ(TMIDC(THIBI(THIVI(THIAX4(TH)dA /LAAXAX/ NOWMOD

00900411
005004711
00h00d711
00€00d11
002004711
00T00d71

(TIPTHLTIAC(TIX NOISNIWIN

T3ZISA*1321ISXT
$ XIS XIS JUYHI ¢ LH TWEA  TWIX O NIWA S XVWA CNIWX ¢ XVIWX /S11d71/ NOWWOD

A IIX dOLA LOBA I LATIX ¢ LTIYX /SONG/ NOWHOD
S3AYUND S8V ANV S1071d INILNOYNENS SIHL
(PI¢MSToNeAIX)L101dTT INTLNOYIANS

08

0L

09

as
04
0¢

*0h

*6¢
*g¢
*1e
*a¢
*GC
*He
*Ce
*2¢
*T¢
*(¢
*62
*Q2
*L2
*Q¢
*Q2
*h2
*¢e
*22
*12
*02
*6T
*Q71
*L1
*aT1
*GT
*4HT
*¢T
*271
*TT
*0T
*6

*Q

*)

*0

*G

*h

*¢

*2

*T

C-131




00180411
00080411
00620471
00820411
00220471
00920411
005404711
00420471
00820411
002,041
00120411
000,041
00690471
00990411
00290d11
009904711
00590478
00490471
00c90d1?
00290471
00790411
00090411
00650471
00950d"11
00,8041
00950411
00550411
0045041
00€50d11
00250411
00150411
00050411
00640d71
0094041
00LHh0d 1
00940471
0054041
004HHh0d11

00€H0d7I

002%0d11
00TH0d W

weI=1 060Gt 04
TWEBA+A10S*108A= = TdA
TWIAX+XTIOSKL 3IX= = AdX

$38v 107d

INNT INOD

O°+( A = (W)I

(NX = (W4

T+W = N

0hT OL 09 (2 °*23N¢ (MNrIy It
h/N*x¢ = 1

02T 0L 09 (2 *®3* (NrI) 4t

/N = 1

0€T 04 09 (2 *B3* ("Hrl) 41

T =1

0T OL 09 (2 *03* (MVHrIy 41
2/N = 9

ANNTINOGD

SO°H(TYIA = (W)D

(I = (W)

T4+W = W

02T 04 09 (0 *3N* (I)rD) 41
NeT=I 02T 0@

HdYH9 SHIINI 3AYND 3YIHM SINIOE v aNT S
3NNTLINGD

20°+{T1)A = (W)D

(I)X = (W8

T4+l = W

0IT OL 09 (T *3N* (1)P1) 41
Ne¢t1=1 0TT 00

0 =W

HdV49 S3AVY3T 3AMND 3y3HM SINIOA 1Y ONTd
S138Y7 HL3NJ0ST ¥0d SINIOL ON1d

107d LON 00 HdYY9 40 30ISLINO 3AMND ¢ = rI
HdV49 NIHLIM S3NANILNOD 3ANND 2 = f1
INIOd 1SV = HdVY9 SIAVIT 3ANND T = I
INIOd 1SHId < HdVY9 SYILNI 3JANND 0 = NI

09T 0L 09 (2 °*03* mSl) i1

INNTINGD
TA = 1S4
X = 157X

0hT

11904

021

0TT

00t
06

QLLOVLOLOLOY

*19
*09
*6L
*qL
*LL
*9L
*S/
*hl
*C L
*21
*TL
*0L
*69
#99
*19
*99
*G9
*49
*C9
*29
*19
*09
*6S
*8G
*LS
*9G
*GG
*hS
*CG
+26
*16
*0G
*6h
*mu#
*Lh
*Qh
*GHh
*hh
*Ch
*2h
*Th

C-132




00660471 aN3
008604711 N¥NL3Y
00,6041 3NNTILNOD
00960411 3NNTINOD
00660471 (et
0OHEe0dTII) A=(T+I) AIXTAT 4 ((IIX=(T+IIXIXTIST ¢ (CIIAIXTST((TI)XIXTISIIAZANTIT 1Y)
00€60d11 0LT 0L 09 (g *®3* (T+1)r1) J1
o0nes0dl 0LT 0L 09 (¢ *©3* (I)r1) 41
001604711 N4T=I 0LT 0OCQ
00060d711 T=N = N
006804712 0 = (TIPI (g *3N* (T)PY) J1
008804711 IAUND 3HL 107d
00480471 ANNTIMNOD
009804711 ANNTINOD
005804711 ((CDNIXIST(IIFIXTATCWNNEINIAINIYL TIVD
006804711 ANNILNOD
00€804711 0SYT 0L 09 (2*0 *371* ((I)o2=1dAlsav) 4J1
002804711 ShHT 0L 09 (2°0 *19* ((1)d=1dX)S8Y) IT

0871
0L1

0ot
081

ShY

*66
*Q6
%16
*06
*G6
*he
*C6
*26
*16
*06
*60
*09
*19
*ag
*G9
*hQ
*C8
¥28

C-133




it LR e et

00040V
006€07V)
008£01V
00L£07VD
009209
005€071VD
00+h€0IVO
00E€0VD
002€0V9
00TL07TYD
000£071VD
00620712
008207V
00£4207V9
009207V
00S207%I
00H2071¥D
00£2071Y9
002207V
007207
00020V
00670V
0087071V
00,70V
00970
005707V
00HTOVD
00€T0 VD
0027071Y)
00TT0VD
00070V
006007V
06800712
00L00TY)
0090071
0050071
004007V2
00£007¥
0020012
007007¥2

OdA = (T=-1)%X

(T-I¥XX = (1)xX

(TIXX = dA

TdA = (T=1I)AA

(T=I)AA = (IYAX

(TYAXN = 44

0 0L 09 ((T=I)AA *39° (I)AA) 1
dN*2=1 0¢ 00

dN’Z2=W 0¢ 9N

Te OL 09 (T *03* #S77) 4Y

ANMTLINGD
(0°09€4dAYAOWY = (T)AA (T *®3° mMs1T) 41
WA = (DYAA

(CIYAAKLIIAA+(TIXX*(TIXX)LYOS = (T)XX
0°09S+TdA = 1dA (0°0 *17° dA) 4T
IOV ((I)XX4 (T AAIPNYLIY=~0'06 = TdA
61402461 ((1)AR) 41

6TRTI6T ((I)xX) AT

3NNTINOD

LAHSA=(IYAA = (T)AA

LaHSX=(1)XX = (I)XX

LT OL 09 (T *03° Mg 4T

dN‘T=I 02 on

INNT LNOD

(dN)IVOT/L4HSA = L4HSA

(dN) 1¥014/14HSX = L4HSYX

TT 0L 09 (T *03° MST1) JT
INNTLNDD

(I)AA+L3HSA = LaHsy

(T)XX+L3HSX = L3HSX

0T 0L 09 (T *03° Ms77) 3T
TX+H(IAINISH{TIXX = (I)XX
TA+(dAISOI*(TIXX = (1) AA
Qud*(I)AA = T1dA

dN*TZI 0T 0f

0°0 = L4MSA

0'0 = LdHSX

§ 0L 09 (Y *d3* MS7) 3T
(TYARZ(TIXX MOISNIWTA

(MSTTETACTX S LAHSA ¢ LAHSX ¢ TAVY QY INY AL XX ) SITYD INT LNONENS

67
A

L1

11

0T

*0h
*6e
*Qe
*LE
*Q¢
*Ge
*he
*Ce
*2¢
*T¢
*0¢
*6¢
*R2
*)2
*Q2
*G2
*he
*Ce
*2¢
*12
*02
*61
*QT
*.T
*9T
*GT
*HT1
*CT
*271
17
*0T
*6

*9

*L

*9

*G

*h

*g

*2

*1

C-134

—— e s




C-135

00CHhGTIVI ON3 *ChH
002407V) NINL3Y T *2h
00THOIVI 3NNIINOD o¢ *Th



- .'»..\ -

[

00,0088Y
0090086Y
0050068y
0040088Y
00£0028Y
00200REY
0070098Y

00h00TTY
00g00TTY
60200TTY
00tT00TTY

00800dSK
00L004SH
009004SKW
00S004SK

ON3

NY¥N13Y

0 T+08Y = 99y
66666666~ = 9QM
02¢01¢0z (n°T+o8Y) 4d1
IX(Q/Y)ID0Y = 9aM
(2¢84V)GEN NOILONNY

N3

NYNL3Y

((0°T=d)**xNYZx (MUZ2=2) #d) / (d*xxAYZ=d**2) xNYYd = TTAY
(Y2424 WHYd) TTEY NOILONNA

N3

. NYNL3Y
(QYMI2ITI)ANS = (QHMN2T¢TM)ANd
*QY3Z ALI9 ST 118 N9IS 3HL

004004SW ONY LIS N9IS 3HL WOY4 LHO9IY A3ALINNOD 3YY IM OGNV TI *O39MVHOINN iV
D0EL004SW QUMM JO SL1I8 ONINIVW3Y JHL TR L18 1V ONILUVIS QMMM NI L1 S3A¥oLS
002004SWANY TI 118 1V ONILYVYLS OYMI WONd 3ALAB8 LlI8 2I NY SL1OVYULIX3 90M¥d SIHL

00T004SKH

(QUMP TP CUMIVZITTIIATNASH INTLNOYANS

02

LQLUOOV

*/
*9Q
*G
Th
*€
*?

*Y

*h
*¢
*2
*1

*Q
*L
*9
*G
*4
*¢
*2
*1

C-~136




009TOLNI
ODSTOLANI
00hTOLNI
00CTOLINI
002T0LNI

00TTOLNI
0C0OTOLANI

006004NI
C0B800LINI
00L00INI
009001NI
00S004NI
004004NI
00CO00LNI
00200.NI
O0TOOLNI

00LTOdNT
009TO0dNI
00STOdNI
00HTOdNI
00E€TOdNI
00CTOdNI
O00TTOJNI
000T0dNI
00600dNI
00800dNI
0GLOO0GdNI
00900dNI
00S00dNI
00+t00dNI
00C00dNI
00200dNI
00T00dNI

o3 -

NUNLIN

(NIT=P (N XIAY (HNOM2T) ALTIHM
o4 0L 09

(NeT=P (P eM)INY (MNOM,2T) OYAN

A4 (0g‘02) 0L N9

(0IgIXT) LYWYOd

I = ynoy

3NMY INOD

(ANON4N¢HLTIIY 42T 2T 314 3INT 4N
Th = HLII3AM

T = dS1

0T OL 09 (0 °*3N* 4S1) 41

HLA33W H393INT

(TYWQATIO NOISNIWIN
(H'WAT4IINT0) LNOINT 3NILNOMENS

ang

NHN13Y

dWil = (Pre1yn

. (Pe1)AZEM) L = diWl

02 0L 09 (0°0 *37°* (Lr‘I)a°y0*0*0 *31°* (Pr)1) St
0°0 = dwi

ANCTI=PA 02 00

ﬁa.a.a.»z.hoox.hvhJthH TvD

2=I%xh = |NOM

XN¢T=1 02 o0

0€ 0L 09 (S *17° S)) 41

3ANIINOD

(T4TH4TOANCLAONO) LNOLNT YD
BI=SH+h=1%4 = 1NON

XN¢TI=1 0T 00

(TILe(TOTH)IA NOISNIWIN
(LYQOANCITOXNYAIISHISLANT 3INILAOYANS

0h
0¢

02
09

01

o¢
02

01

a1
*G1
*HhT
*T
*27
*TT
*0T
*6
*Q
*/
*9
+G
*h
*¢
*2

*T

*/1
%01
*G1
*47
*CT
*27
*17
*01
*6
*9
*L
*9
*G
*h
xQ
*2
*1

C-137



APPENDIX D

PROGRAM OUTPUT FOR THE PREPROCESSOR PROGRAM
AND THE NASA/MSFC MULTILAYER DIFFUSION
MODELS PROGRAM -- VERSION 5

D.1 PREPROCESSOR PROGRAM EXAMPLE OUTPUT

The Preprocessor Program produces both printed output and punched data-
card output, The Program first prints a detailed list of all inputs including the con~-
stants pertaining to the rocket vehicle for which calculations are being made. The
first page of the example output listing below shows the constants used for the example
problem described in Section 5 of the main text for a simulated normal launch of a
Space Shuttle vehicle at Kennedy Space Center on 21 QOctober 1972. The Program
next prints the FORTRAN NAMELIST data which are subsequently punched on cards
for Model 4 calculations using the Multilayer Diffusion Models Program. In this
example, the first printed list and punched card deck are for calculation of HCI con~
centrations and dosages; the second list and punched card deck are for CO concentra-
tions and dosages; the third list and punched card deck are for A1203 concentrations
and dosages. A printed list and punched card deck for the calculation of CO2 con-
centrations and dosages are not producved for the Space Shuttle vehicle, The Pro-
gram output for the Model 4 calculations ends with a summary table of the Program
calculations. The Program then produces similar printed listings and sets of punched

card decks in the same format for use in the Model 3 calculations.
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D.2 NASA/MSFC MULTILAYER DIFFUSION MODELS PROGRAM EXAMPLE
OUTPUT

This section contains a listing of the output produced by the NASA/MSFC
Multilayer Diffusion Models Program using the example input data shown in Figure
B-1, Appendix B and that portion of the data deck produced by the Preprocessor
Program for HCl concentrations for a normal launch of a Space Shuttle vehicle, The
input data shown in Figure B-1 instructed the Multilayer Diffusion Models Program
to use Models 3 and 4 to calculate maximum centerline HCl concentrations, dosages

and time~mean concentrations and to calculate the corresponding isopleths.

As shown below, the Program first lists a title page containing the data set
title, the meteorological case, date and time, and the height, range and -azimuth
bearing of the stabilized cloud. Next, the Program prints the data parameters for
each layer and the results of the parameter calculations (for example, mean wind
speed, wind speed shears, etc.) in each layer. The inputs for Layer 1 are shown as
the second page of the example listing. This page is followed by a list of maximum
centerline concentrations, dosages, time-mean concentrations, the time of cloud
‘passage and average concentration at various distances (ranges) along the cloud
trajectory (azimuth bearing)., The Program then produces a series of pages con-
taining printer plots on log-log scales of the maximum centerline concentrations,
dosages and time-mean concentrations at selected distances along the cloud trajec-

tory.

After the printer plots are generated, the Program lists the range and
azimuth bearing from the launch pad to selected isopleths of concentration, dosage
and time-mean concentration. The printed ranges and azimuth bearings are ordered
such that the output values begin at a range close to the launch pad and move in an
azimuth direction clockwise around the isopleth., The listing for the Model 4 cal-

culations ends with a printout of model input parameters for the layers that con-

D-11




tributed to the ground-level concentrations and dosages previously listed. The com-~
puter Program then lists similar output for the Model 3 calculations except that

model input parameters are given only for the sample layer used in the calculations,

The NASA/MSFC Multilayer Diffusion Models Program also contains pro-
vision for generating plots of maximum centerline concentrations, dosages, time-
mean concentrations and isopleths of these parameters. Figures D-1 and D-2 respec-
tively show computer plots of the Model 3 and Model 4 calculations of maximum center-
line concentrations for the example case. Figures D-3 and D-4 respectively show

plots of Model 3 and Model 4 HCI1 dosage isopleths for the example case.
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FIGURE D-1. Maximum centerline HCL concentration for Model 3 generated by the
plot routines for the NASA/MSFC Multilayer Diffusion Models Pro-
gram,
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FIGURE D-2. Maximum centerline HCL concentration from Model 4 generated
by the plot routines for the NASA/MSFC Muitilayer Diffusion
Models Program.

D-33



‘ Illrlilrlll'llllTllPrTlI1l1llllIlllflrl'llll'lllllll[lrl

-600

L.t gt 4\

~3630

-6500

-S6030

'IIIAII_lL‘LllLLIIIIIL_Llllll

DISTANCE fMETERS)

-12600 b

ll||lllll‘llllllll_l!lll-

~138600 =4 lIIlIll|lLlllll||_ll|l|‘LlllllJ—

i Ay ~{a¥ad
~4565C -37500 -25600 -21530 -13600 ~5RCS
DISTANCE fHMETERS)

k<] 305 N PPM SEC AT A HEIGHMT OF 0 METERS DOWNnINO FROM S GPARCE SHUTTLE
aﬁg:hETEguﬂgh.daéggﬁ i WAS USED IN THE CRLCULRTIONS AND THE METEORBLOGICAL CRSE 15 #S
acT 72,

21

FIGURE D-3. Isopleths of HCL dosage for Model 3 generated by the plot routines
for the NASA/MSFC Multilayer Diffusion Models Program.
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for the NASA/MSFC Multilayer Diffusion Models Program.
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APPENDIX E

DERIVATION OF THE VERTICAL TERM APPEARING
IN EQUATION (3-18), SECTION 3

The Vertical Term defined by the summation in Equation (3~18), Section 3
of the main body of this report was derived using the method of image sources
(Slade, 1968, p. 346) to account for the reflection of gases and aerosols at the
earth's surface and at the bases of elevated iqversions. Consider a point source
located at a height H above the surface (z = 0) within a surface mixing layer of depth
Hm, as shown in Figure E-1. The numbers appearing at the height z in Figure E-1
denote the intersections of rays from the real and image sources with the height z
at various distances downwind from the source. Thus, the number 1 indicates the
ray intersection from the real source at height H with the level z and the number 4
indicates the intersection of the ray from the image source at height (2Hm + H - 2).
The heights of other image sources above the z plane are indicated at the left of
Figure E-1. The parameter vpis the fraction of material reflected at the earth's
surface. For complete reflection, ')i,is set equal to unity while, for no reflection, Ve
is zero, Note that the height term for each image source is multiplied by ',{,for each
ray intersection with the earth's surface that occurs prior to the intersection of the
ray with height z. Therefore, the image source at the height (2Hm+ H-1z)is
multiplied by %for the reflection at the earth's surface from the image source at
(H + z); the image source at (2Hm + H + z) is multiplied by 'yl?: for the reflection at the
earth's surface from the image sources at (H + z) and (2Hm + H + z). The contribu-
tions to the vertical term in Equation (3~18) from the real and image sources,
assuming a Gaussian distribution of material in the vertical, are seen from an

inspection of Figure E-1 to be given by the following expressions:
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FIGURE E-1. Schematic diagram of image source configurations,
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Contribution at
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1 exp

3 ‘yr exp

5 % exp

6 % exp
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Contribution at
Point Number

If we sum over all sources and combine terms, the total Vertical Term becomes

E 'Yr exp [-1/2
i=0 '
\
-\ T
E 'y; exp |-1/2
i=1

twhere, for convenience in writing Equation (E-1), the quantity 0° is defined to be

unity.

Yy €XP

2H +H-=z
i 'm
o
Z
%H -H+z
o
Z

Term

-(4Hm -H+ z)2

20

2

+-yr

i-
+'yr

i+l
e

-1/2

2.H + Hs+z

-2

1 (E-1

Next, consider a vertical line source of length L centered about height H in

Figure E~1. Assuming that the line source is comprised of an infinite number of

point Sources, the Vertical Term for the real line source VH centered at height H is

given by the expression

e — e s

E-4

dz'

(E-2)
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If the substitution

is made in Equation (E-2), the resulting expression is

L/2+(H-z!
«/2. Oz
I 2 .
Vi T F / ew (- ) a (E-3)
~L/2+(H-2)
V2,

Using the definition of error functions (Abramowitz and Stegun, 1964, p. 297),

Equation (E~3) can be written in the form

1 L/2+ (H-2) \ _ -L/2+(H-q)
VH—Z{erf<ﬁaz ) erf<ﬁaz }

(E-9)
L L/2 + gH-zl) of (L/Z - !H—Z!)}
2 {erf ( /2_ oz ve \/2- az

Inspection of Euation (E-4) shows that the numerators of the error function argu-
ments express, respectively, the distance of the top and base of the line source
from the height z. The corresponding vertical terms for point and line sources in
the surface mixing layer, including provision for partial reflection at the earth's

surface, are given in Table E-1,

The Vertical Term of Equation (3-18) can be obtained from the line source
terms in Table E-1 through use of the following relationships:

2y = 2(3qy - 7gy,) (E-9)
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_ [ %1k " "BK
H = 2 * %pk ” %BL, (E-6)

z= (ZL - zBL) (E-7)

L g~ %BK

2 2 ) (E-8)

where Equations (E-5) through (E-8) express the relationship between the height
coordinate system of Figure E-1 and the generalized height coordinate system used

in developing Equation (3-18).

Substituting Equations (E-5) through (E-8) info the line source terms in-the

right-hand column of Table E-1 and collecting terms results in the expression

[+.] /. - + - -93 e - +
i 2i(2y "2np ) 2P, -2 (2 <2y Y 2p ey
1/2 'Yr erf 5 + erf /s
OLK 2 91K

i=0

. - -2z +Z +7 -2i - + - -
" 21(zr72p1) P BL T LY | ¢ (e %) 221 8K
+ g erf er

VARAT: V2o,

LK
(E-9)

i(z.. - +2 ~Z_ .=2Z -2 - - + +
T 21 (2, %31) 2781 2B 2L . orf (20,25 0) 225 L 2 oL
r %2LK NCRE

o . _ _ + o -z + _
i 220,231 ) ?mK AL 21(2p ) 2 ) Py
+ ‘yr erf + erf

=1 ‘/5 9ZLK V2 %2LK

*U.,S. GOVERNMENT PRINTING OFFICE: 1975 - 635-275/48
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where, again 0° is defined equal to unity. In Equation (3;—18), the factor 1/2
appearing before the bracket in Equation (E-9) is contained in the form factor 1/2
VZ 7 appearing in the denominator of the first term on the right following the equal

sign.




